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COMMONWEALTH TECHNOLOGY, INC. 
,Ennvironmcnrd and Nofuml Resource Comul'imf wd AnoIyIid SCrvirrr 

Ldngton .  Kentucky Louisville. Kentucky Grayson. Kentucky 

BIOMONITORING JOB N O  W E P A  4086 - Chronic Study No&=-)(. A,,J,~&~. 
LrnaG7M;L ki4 

SAS 1109 

I. INTRODUCTlON 

Facility: Region I NPDES Permit No: NIA 

Contact: Ms. Cindy Schreyer Phone NO: (703) 519-1386 

Receiving Stresm: NIA 

Laboratory: Commonwealth Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 

Contact: Billie Rogers 

(606) 276-3506 

11. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluen! 
Sample Point: Final Effluent 
Collection Dates and Times: 06/03/9117:25AM; 06/@5/91I7:45AM; 06/07/91/12:25AM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Anached Data Sheet in Appendix A 

2. Dilution Water 
The water used for dilutions and control was amoderately hard reconstiited water adjusted to pH 7.8. 
m e  physical and chemical data of the dilution water is reported in Appendix A. 

111. TEST METHODS 

Test Method: ShoR-Term Methods for Estimating the ChronicToxicity of Effluents and Receiving Waters 
to Freshwater Organisms' EP.4600l4-89lO01. 

Deviations from methods, if any, and explanation: After warming the samples to 25% the SampleS with 
dissolved oxygen (DO) readings greater than 100 percent saturation were aerated slowly unfil D.O. was 
less than loo??. 

Date and Time Test Started: 05/33/91 (6:30PM); 06/04/91 (6:oOPM) 
Date and Time Test Terrninotcd: WlZB1 (7:15Ph4); 06/11/91 (5:OOPM) 
Test Chamber;: Refer to Tai?la 1 
Volume used per Chamber: Refer Io Table i 
Number of Organisms per Chamber: Refer T&!e 1 
Number of Replicates per Concent:ations: Refer to Table 1 
Acclimation of Organisms: Refar to Table 1 
Test Temperature (mean and range): Cuitilred at test temperature, 25" 2 1°C 



N. TEST ORGANISMS 

Name: Cedodqohnia dubia; Pimephales promelas 

Age: Less than 24 hwrs; 2 days 
-. 

Source: Stack N; Stock F 

Life Stage: Neonate; Juvenile 

Mean Length and Weight (it applicable): N/A 

V. W A U N  ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 06/12Ql (5:30PM) 
Pimephales promelas 06/06/91 (1  :OOPM) 

Dilution Water Used: ReconstiMed Water, 74% Perrier Water 

Results: ceriodaphnia dubia - LC,  (48 hrs) = 2846 mgi7 NaCl 
Phephales promelas - LC, (96 hrs) = 6587 mgA NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

L c . 5 2  VI. RESULTS 

State Permit Limits: NIA; NOEL: NIA 
b S f C '  c > I I " j* 

/ (7 VJ C -.. 

I 
I 
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I 

Test Results: Toxicity was indicated with the Ceriodaphnia dubia and Me fathead minnow. The NOEC 
for the Ceriodaphnia dubia was 6.25% effluent concentration. The NOEC for Me fathead minnow was 50-% 
effluent concentration. The LOEC, EC,. and the Chronic Values are presented in Table 2. 

Data Tablet and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appendk A. 
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TABLE 1 
SUMMARY OF TEST CONDmONS FOR CHRONIC TOXlCl7Y TEST 

MnHOD: EPA W 4 8 S f O 0 1  

Cerbdnphnia dubis Pimephales promalas 
Method: 1002.0 Method: 1000.0 

1. Te+tType: Static-Renewal Static-Renewal 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

1 6. 

17. 

I a. 

Temprature: 

Ught Ouality: 

Ught Intenstty: 

Photoperiod: 

Test Chamber Size: 

Tart blution Volume: 

Renewal of Test Concentrations: 

Age of Test Organism: 

No. of Test Organisms per Chamber: 

No. of Repl1s;rte Chambers per Concentration: 

Feeding Regime: 

Aeration: 

Dilotfon Water: 

Effluent Concenhations: 

Test Duration: 

Effects Measured: 

Test Acceptability: 

25' 1'C 

Ambient hboratory 
Illumination (cool 
white) 

Appror 100 R-c 

8 hrs. dark. 16 hrs. 
light 

30 mls 

15 mUreplicate 

Daily 

Less than 24 burs 

1 

10 

Fed YCT (yeast suspensioo) 
& Selenastrum minutum 
(algae) suspension daily. 

Samples with 0.0. greater 
Uvm 100% saturation were 
aerated 

Reconstituled water (10% 
Penier water) 

1WA. 50%. 25%. 12.5%. 
6.25% 

7 days or until W A  of me 
the m t r o l  females have 3 
broods 

Survival and Reproduction 

W A  or greater suwlval 
in the control concentration 

25' f 1'C 

Ambient laboratory 
i l luminati  (cool 
white) 

Approx. 100 R-c 

8 hrs. dark. 16 hrs. 
light 

270 mi 

2W mllreplicate 

Daily 
- 

1-2 days 

10 

3 

Fed brine shrimp muplii 
in a concentrated suspension 
twice daily. 

sanples W%I 0.0. greater bcan 102% 
man 100% saturation were aera!& 

Reconstituted water (10% 
Perrier water) 

102%. 50%. 25%. 12.5*%, 
6.25% 

7days 

Survival and Growth 

80"$ or greater survival 
in me cnntrol concenlraiicn 
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Blackstone River SlINey 
Worcester Finishing, Leicester, Ma. 

CHClICAL W Y S I S  OF TOXICITY SATLES 
24-hr time-composite samples 

Att4LrnICA.L RESULTS 

Collection Dates 
P- 06/03/91 06/05/91 06/09/91 

A 1  1.1 0.95 1.0 

cd m 0,005 0.009 

ca 1.6 2.1 4 . 8  

Cr ND ND m 
cu 0.775 0.700 0.900 

Pb 0.001 0.001 0.002 

Ms 2.5  2.8 2.8 

Ni ND hD 0.02 

zn 0.082 0.06i  0.086 

N-NH4 0.66 0.54 0.760 

TS 

TSS 

5,800 5,900 6,100 
6,  OOOD 

39 32 
3 ID 

30 

TCC 76 73 89 

Alk. (as mg/l 9) 340 350 350 

NOTES: D= Sample Duplicate Tot= T o t a l  Organic Carbons 

E= Total Solids Alk.= salinity 

ND= Beloh. minimm detectable level TSS= Total Suspensed Solids 
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John 5. Tapp. Ph.D., P.E.. L.S. 

Lexington, Kentucky Louisville. Kentucky Grayron, Kcntucky 

BIOMONITORING JOB NO: 40061EPA 4090 - Chronic Study d& Pl&& 
SAS 1109 V % - Y H a  c 

L INTRODUCTION 

Facility: Region I NPDES Permit No: N/A 

Contact: Ms. Cindy Schreyer Phone No: (7a3) 5191386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: Commonweaith Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and limes: 06/03/91/930AM; 06/04/91/11:45PM; 06/06/91/11 :WPM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in Appendix A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8 
The physical and chemical data of the dilution water is reported in Appendix A. 

111. E S T  METHODS - 
Test Method: 'Short-Term Methods for Estimating the ChronicToxicily of Effluents and Receiving Waters 
to Freshwater Organisms' EPA/600/4-89/001. 

Deviations from methods, if any, and explanation: Samples with dissolved oxygen greater than 100 
percent saturation, after warming, were aerated slowly until D.O. was below 10o"h. 

Date and Time Test Started: 06/04/91 (7:15PM); 06/04/91 (7:30PM) 
Date and l ime  Test Terminated: 06/12/91 (5:55PM); 06/11/91 (6:OOPM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature. 25' 5 1°C 
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TABLE 1 
SUMMARY OF TEST CONDITIONS FOR CHRONIC TOXICITY TEST 

METHOD: EPA &Qq4SSWi 

CnrMaphnla dubia Pimophales promelas 
Method. 1002.0 Method: 1 W . O  

Test Type: Static-Renewal Static-Renewal 

25’ 2 1’C I 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Temperature: 

u g h  awitLy: 

Light Intensity: 

Photowrlod: 

Test Chamber Slze: 

Test Salwtion Volume: 

Renewal of Test Concentrations: 

Age of Test Organism: 

No. of Test Organisms per Chamber: 

No. of Replicate Charnbm per Conceniratlon: 

Feeding Regime: 

Aeration: 

Dilution Water: 

Effluent Concentrations: 

Test Duration: 

Effects Measured 

Test Acceptability: 

25. 2 1‘C 

Ambient hboratory 
llluminatian (mal 
white) 

Appror 1 M )  R-c 

8 hrs. dark, 16 hn. 
light 

30 mlS 

15 mUreplicate 

=w 
LeW b l l 2 4  hCUK 

1 

10 

Fed YCT (yeast suspension) 
H Sei-rum minutum 
(algae) swpension daily. . 
Samples w3h D.O. greater 
than 1 W A  saturation were 
aerated. 
ReamstiMed water (look 
Penier water) 

1w”k. 5PA. 25%. 12.5%, 
625% 

7 days or until 6096 of 
the mntrol females have 3 
broods 

Survival and Reproduction 

W A  or greater survkal 
in me control concentration 

I Ambient laboratory 
illumination (cml  
Mite) 

I Approx. 1w n-c 

8 hrs. dark. 16 hrs. 
light - 

270 ml I 
I 
I 
I 
I 

202 milreplicate 

Daily 

1-2 days 

10 

3 

Fed brine shrimp nauplii 
in a concentrated suspensh 
hvice daily. 

Samples with 0.0. greater 
than IWA saturaticn were 
aerated. 
Rewnstiluted water (1 PA 
Perrier water) 

1DOsA. SPA, 25%. 12.5%, 
6.25% 

I 
I 
I 7days 

I Suwival and Growtb 

03% or greater survival 
in me Gntroi cnncentration 



N. TEST ORGANISMS 

Name: Ceriodapbnia dubia; Pimephales promelas 

Age: Less than 24 hours; 1 day 

I Source: Stock N; Stock F 

Life Stage: Neonate; Juvenile 

Mean Length and Weight (if applicable): NIA 

V. QUALITY ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Frne of Most Recent Test: 

I '  
1 
I 
I 
I 

Ceriodapbnia dubia 06/1 2/91 (5:30PM) 
Pimephales prome/as 06/06/91 (1 :OOPM) 

Dilution Water Used: Reconsfituted Water, 1Wh Perrier Watei 

Resuns: CeriCdapbnia dubia - LC, (48 hrs) = 2846 rngn NaCl 
Pimepbalespromelas - LC, (96 hrs) = 6176 mgh  NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

Vi. RESULTS .v--'c : L C S -  h. -L 
I 

State Permit Limits: NIA; NOEL: NIA 

Test Results: Toxicrty was indicated wah the Ceriodaphnia dubia and the fathead minnow. The NOEC 
for the Ceriodapbnia dubia was <6.25% effluent concentration. The NOEC for the fathead minnow was 
5G% effluent concentration. The LOEC, EC,, and the Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appendix k 

I 
I 
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Blackstme River Survey 
New -lard Plating, Worcester, M. 

cHE?1ICAL ANALYSIS OF TOXICITY S A V G  
24-hr time-composite samples 

AUYTICAL WsULTs 
(m/1 unless otherwise noted) 

Collection Dates 
06/03/91 06/04/91 06/06/9 1 

cd 

Cr 

cu 

Pb 

Ms 

Ni 

zn 

N-hX4 

Ts 

TSS 

Tcc 

Alk.(as C a q )  

NOTES: E= Sample 
TS= T o t a l  
ND= Below 

0.02 

0.017 

320 

0.021 

0.080 

0.001 

0.98 

0.44 

0.743 

0.05 
0.01D 

h?) 

ND ND 
O.OO5D 

140 
140D 

hi 
NDD 

120 

hD 

0.083 0.065 
0.078D 

0.001 
hDD 

2.2 
2.2D 

0.23 
0.25D 

0.757 
0.789D 

ND 

0.065 

0.22 

0.871 

8.1 12 7.4 

2500 3,200 2,700 

4.0 5.7 7 .O 

31 23 23 

110 110 90 

Duplicate TCC= Total  Organic Carbons 
Solids Alk.= Alkalinity 
minimm detectable level TSS= Total Suspensed Solids 
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COMMONWEALTH TECHNOLOGY, INC. 
f i w r o ~ m e n f d  md Natural Ruourra ConrulIm~ end AnolylKd Sew;ca 
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2 
!JppWpeMm WP& SAS 1109 

L INTRODUCTION t 4 ; l l b o ~  t44 
Facility: Region I NPDESPermitNo: N/A * O.~; lkf  -c $j[ 4 19911 
Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: Commonwealth Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and Times: 06/C3191/827AM; 06/05/91/8:15AM; 06/07/91/12:30AM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in Appendix A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemrcal data of the dilution water K reported in Append% A. 

111. E S T  METHODS 

Test Method: 'Shoe-Ten Methods for Estimating the ChronicToxicQ of Effluents and Receiving Waters 
to Freshwater Organisms' EPA/600/4-89/001. 

Deviations from methods, if any, and explanation: Samples with dissolved oxygen readings greater 
than 100 percent saturation. after warming, were aerated slowly until D.O. was below 100%. 

Date and l ime  test  Started: 06/M/91 (7:30PM); 06/04/91 (7:WPM) 
Date and Time Test terminated: 06/12/91 (633PM); 06;11/$1 (6:M)PM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 '. 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperalure. 2.5'3 1% 

- -  

I 
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TABLE I 

SUMMARY OF TEST CONDmONS FOR CHRONIC TOXICITY TEST 
METHOD: EPA W - 0 0 1  I 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

I 
25‘ 1% 25. f 1‘C I 

Cerkdephnla duble Pimnphales promelas 
Method: 1WZ.O Method: 1ooO.O 

~. 
1. Ten Type: Static-Renewal Static-Renewal 

Temperature: 

UgM intensity: 

Photoperiod 

Test Chamber Size: 

Test Solution Volume: 

Renewal of Test Concermationt: 

Age of Test Organism: 

NO. of Test Organisms per Chamber: 

No. of Replicate Chambers per Concentmlon: 

Feeding Regime: 

Aeration: 

Dilution Water: 

Effluent Concentrations: 

Test Duration: 

Effect+ Measured: 

Arrbient labratory 
illumination (cool 
whre) 

Approx loo it€ 

8 hK. dark. 16 hrs. 
light 

30 mls 

15 mUreplicate 

fily 

L e s s  than 24 hours 

1 

10 

Fed YCT (yeast suspension) 
a Selenastmm minulurn 
(algae) suspension daily. 

Samples wah 0.0. greater 
than 1 W A  saturation were 
aerated. 

Rewwtituted water (1 0% 
Penier water) 

loo”,, 50%. 25%, 125%. 
6.25% 

7 daytor until 60% of 
me mntrol females have 3 
broods 

Survival and Repredudion 

Ambient b r a t o r y  
illumination (ad 
Mae) ” I  

I 
270 mi I 

I 
I 

Approx. loo n-c 

8 hrs. dark. 16 hrs. 
light 

2M3 mlfreplicate 

Oaily 

1-2 days 

10 

I 3 

Fed brine shrimo nauolii 
in a concentrated susbensicn 

I 
I 

twice daity. 

Samples with D.O. greater 
bw 1 W A  saturation were 
aerated. 

Reconstituted water (1 0% 

I Perrier water) 

loo”., 50% 25%, 12.5%, 
6252 

7days I 
I Survival and Growth 

Test Acceptability: 8C% or greater survival 80% or greater suwkal I h me wntrol concentration in the con!rol mncentra:ion 

I 
,I 
I 
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N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pimephales promelas 

Age: Less than 24 hcurs; 1 day 

Source: Stock N; Stock F 

Ufe Stage: Neonate; Jwenile 

Mean Length and Weight (if applicable): N/A 

V. O U A L l N  ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recen! Test: 

Ceriodaphnia dubia 06/12/91 (530PM) 
Pimephales pmmelas 06/06/91 (1:OOPM) 

Dilution Wafer Used: Reconstituted Water, 10% Perrier Water 

Resuns: Ceriodaphflia dubia - LC, (48 hrs) = 2646 mgfl NaCl 
Pimephales promelas - LC, (96 hrs) = 6587 mgh  NaCl 

Results are in acceptable range as determined by laboratory’s testing program. 

VI. RESULTS 

State Permit Limits: NIA; NOEL: N/A 

Test Resuns: No toxicity was indicated with the Ceriodaphnia dubia or the fathead minnow. The NOEC 
values for the Ceriodaphflia dubia and the fathead minnow were >loo”/. effluent concentration. The LOEC, 
EC,, and the Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Aqpendm A. 
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COMMONWEALTH TECHNOLOGY, INC. 
Ennvironmcnrol and Naruml Ruourrcr Conru/ring and Anolyricaf Sevicu 

Lexington. Kentucky louisviuc. Kentucky Grayron, Kentucky 

BlOMONlTORlNG JOB NO: 4CQ6EPA 4189 - Chronic Study 
SA'S 1109 Upp&c4sConr 

wakrpoiivi& cr~atd.ct 1 INTRODUCTION 
a ' i h * C t  

Facility: Region I NPDES Permit No: N/A 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: CmmonweaRh Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Colleciion Dates and Times: 08/05/91/6:55AM; 08/07191/5:4OAM; 08/09/91/5:4OAM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in Appendb A 

The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendix A. 

2. Dilution Water 

111. TEST METHODS 

Test Method: Short-Term Methods for Estimating the ChronicToxicity of Effluents and Receiving Waters 
to Freshwater Organisms' EPN600/4-89/001. 

Deviations from methods, If any, and explanation: After warming the samples to 25°C the samples with 
dissolved oxygen (D.O.) readings greater than 100 percent saturation were aerated slowly until D.O. was 
less than 100%. 

Date and Time Test Started: 08lW91 (4:M)PM): 08/06/91 (4:OOPM) 
Date and Tlme Test Terminated: 08/13/91 (420PM); 08/13/91 (4:OOPM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Ta le  1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Accllrnation of Organisms: Refer to Table 1 
tes t  Temperature (mean and range): Cultured at test temperature, 25'2 1% 
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T . E  1 
SUMluARY OF EST CONDmONS FOR CHRONIC TOXlCiTY TEST 

METHoDr EPA 6&Wi35YoO1 * 

Cerkdaphnla dubla Plmeph8l.s prorndas 
Method: 10020 Method. 1oW.O 

T u t  Type: Static-Renewal Static-Renewal 

Teat Chsmtar Slze: 

Twd Solutlon Volume: 

Renewal of Test b n C e & a f O M :  

Age of Test Qrganlsm: 

No. of T& Orgrnlsms per Ch'mtar: 

No. of Replicas Chamtam per bncuntr8tlan: 

W l n g  Regime: 

Aentlon: 

Dllutlon Wnec 

Tart Durrtlon: 

Effectr Measured: 

Tut Acwptabllnv: 

25' f 1'C 

Ambient lahratory 
Ulumlnation (mol 
Mite) 

Appmx. io0 ft-c 

8 hts. dark. 16 hrs. 
light 

30 fnls 

15 mVreplicate 

Dairy 

Less thsn 24 hours 

1 

10 

Fed YCT && StEpenSiM) 
6 Selenastrum minuhrm 
(algae) auspsnsim daily. 

Samples with D.O. greater 
h n  1- sa!uratien were 
aerated 

ReoonshM . edmer(1QA 
Penler water) 

1W%. SO%, 25%. 12.5%, 
6.25% 

7 days or h l  SEA of 
Be mntrol females have 3 
brmds 

survival and Reproduction 

Bo'k or greater 6UrvhaI 
In i%e control mcenhathn 

2 5  f 1% 

Merit labora!ory 
Illuminatkn (mol 
Mae) 

~ r o ~ .  100 nc 
8 hrs. dark. 16 hn. 
ngM 

270 ml 

200 mVreplica!e 

wry 
1-2 days 

10 

3 

Fed brine shrimp nauplii 
h a mcentrated swpension 
twice daily. 

Sarrples with D.O. g r d e r  
than 100% saturation were 
aerated 

RemnsWuted M e r  (1 P A  
Penier water) 

1-, 50%. 25%, 12.5%. 
625% 

7- 

Srmival and Grcwth 

8Lpb or greater sufvMal 
h the mnbol ccncmakr  

I 
I 
I 
I 
I 
1 
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N. TEST ORGANISMS 

Name: Ceticdaphnia dubia; Pimephales promelas 

Me: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ufe Stage: Neonate; Juvenile 

Mean Length and Weight of applicable): NIA 

V. QUAUTY ASSURANCE 

Standard Toxicant: Sodium Chioride 

Date and Time of Most Recent Test: 

Cenodaphnia dubia 08/05/91 (1:OOPM) 
Pimephales promelas 08106191 (9:OOAM) 

Dilution Water Used: Reconstituted Water, 10% Perrier Watef 

Resuns: Ceriodaphnia dubia - LC, (48 hrs) = 2261 mgA NaCi 
Pimephalespromelas - LC, (96 hrs) = 7227 m g A  NaCl 

Results are in acceptable range as determined by iaboratovs testing program. 

VI. RESULTS 

State Permit Urnits: NIA; NOEL: NIA 

Test Resuns: Toxicity was indicated with the Ceriodaphnia dubia. No toxicity was indicated with the 
fathead minnow. The NOEC for me Ceriodaphnia dubia was 50% effluent concentration. The NOEC for 
the fathead minnow was >lO!Xh effluent concentration. The LOEC. EC,, and the Chronic Vdues are 
presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw D a k  Bench Sheet Data is Presented in Appendbc A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONlTORlNG RESULTS 
SAMPLES COLLECTED AUGUST 5, 7, AND 9,1991 

EPA NO: 4189 
Survlvat Dsla An&& Repmdmlb Dcda AnMh 

Ta.1 a.nrW TUI X Sunrhral by Days Amnga I 

(x) Rodund 
Orginlam ID Connnbatlon 1 2 3 4 6 6 7 To% Ymllmd Young To% u.mod 

W ~ d a  h b d  ... im im im im im im im ... _.. 22 ... I.. 

dubl4 
Find EMusnl 825 im im im im iw im im No tnapecaon 34 No lnepeabn 

12 6 im im iw im im im 80 No lnepcllon 20 No Inspecdon 
25 im i w  im im im im im No lnspedfon 30 NO Inspaion 
50 io0 im i w  i w  iw im im No Innpfdon 28 No lnepedlon 
1m la, i w  im im im i w  70 No Inspeaion 14 YSl lnspecaon 

Flndlng: NOEC - 60% E M  CanmnfDllotl, 

ChV I 70.7% Emuant CMICbnbbllon, 
LOEC I IOOX Emuarl Conanballon. 

EC, > 101% Emuant Connnballon, 
Tonklly 

Survlval Dab Anslyslr Gtuuih Dab Andy& 

Tbd S m p h  Ted X SUnrhral DDya Awraga WL 
Organlm ID Connnbdlon 1 2 1 4 6 6 7 TOX. Mothod p e r L . ~ a a  lox. ulmod 

Fnthsed conbd ... 1W 100 1M 07 97 Bo Bo ... ... 0.42 _.. ... 
Minnow 

W) (mol 

Rnal EMuenI 1125 100 100 100 B9 99 93 03 No lnspedbn 0.w No Inepedlon 
12 6 im im im 93 03 93 03 No lnepedlon 0.m No In+ 
25 im im io0 07 97 07 07 No lnspeabn 0.54 No tnspec(bn 
60 im im 07 93 93 03 03 No lnspedhn 0.34 No DmneWa 
100 1M 100 07 07 07 07 07 No Inrpedon 0 %  No DUlIlMt* 

Flndlnp: W E C  > looX Emuml Conanballon. 
LOEC > 1- Emuant ConcmlrDllon. 
ChV too% Emuent Connnbatton, 
EC, > IooXEMuonl Connnb*tlon, 
No Tonktly 
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Blackstone River Survey 
&p?r Blackstone WAD, Mil lbw,  Ma. 

CHEMICAL AWYSIS OF TOXICITY SMPLEX 
24-hr time-composite samples 

AK.4LITIC.U. RESULTS 
(mg/l unless othemise noted) 

Collection Dates 
06/03/91 06/05/91 06/07/91 08/05/91 08/07/93 09/09/91 

0.05 

ND 

19 

ND 

0.039 

0.005 

3.5 

0.02 

0.041 

1.3 

300 

4.0 

8.9 

40 

0.05 

0 * 005 

19 

ND 

0.043 

hD 

4.9 

0.03 

0.054 

0.72 
0.72D 

320 

5.0 

9.1 

36 

0.08 

0.005 

26 

hxl 

0.048 

0.004 

3.8 

0.03 

0. OiO 

0 . 7 i  

370 

6 .0  

8 .2  

36 

0.043 

0.019 

19 

to.  0050 

0.037 

0.0025 

2.7 

0.042 

0.12 

0.26 

300 

(5 

8.1 

31 

0.039 (0.020 

0.0044 0.022 

20 21 

<0.0050 0.0050 

0.041 0.036 

0.0033 0.0020 

Notes: hD= Below minimum detectable level(MDL) 

D= Sample Duplicate Alk.= Alkalinity 

TS= T o t a l  Solids TSS= Total Suspensed Solids 

"02- Tota l  Organic Carbons 

3.0 

0.06i 

0.12 

0.34 

320 

( 5  

11 

39 

3.1 

0.17 

0.10 

0.16 

340 

( 5  

8.8 

30 
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E d w d  G. Force. Ph.D., P.E. John S. Tapp. Ph.D.. P.E.. L.S. 

COMMONWEALTH TECHNOLOGY, INC. 
Environrnmld and Narura/ Rrrourca CoNullinl and Analyriral Senices 

Luington. Kentucky Louis~%Ic, Kentucky Grayson. Kentucky 

ElOMONlTORlNG JOE N O  40D6EPA 4088 - Chronic Study \ 1 bU L LJ u' 
SAS 1109 3 

1. INTRODUCTION 

Facility: Region I NPDES Permit No: NIA 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Contact: Billie Rogers . Receiving Stream: N/A 

Laboratory: Commonweath Technology, Inc. 
25M Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

11. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: final Effluent 
Collection Dates and Times: 06/03/9119:03AM; 06/05/91/8:50AM; 06/07/91/10:20AM 
Collection Method: Grab 
Physical and Chemical Data: See Attached Data Sheet in Appendix A 

2. Dilution Water 
The water used for dilutions and tontro! was a moderately hard reconstiuted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendix A. 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating the Chronic Toxicrty of Effluents and Receiving Waters 
. to Freshwater Organisms' EPN600/4-89/001. 

Deviations from methods, if any, and explanation: Samples with dissolved oxygen (0.0.) greater than 
100 percent saturation, after warming to 25"C, were aerated slowly until D.O. was less than 100%. 

Date and Time Test Started: 06/04/91 (7:30PM); 06/04/91 (7:OOPM) 
Date and Time Test Terminated: 06/12/91 (7:OOPM); 06/11/91 (6'34PM) 
Test Chambers: Rdar tG Table 1 
Volume used per Chamber: F&er to Table 1 
Number of Organisms per Chamber: Refer Tab13 1 
Number of Replicatcs per Concentrations: Refer to Table 1 
Acclimation of Orsanisms: Refer !o Tatle 1 
Test Tetnperatuie (mean and range): Culrured at test temperature. 25' 2 1°C 
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4. 
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7. 

8. 
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17. 

1 a. 

TABLE f 
SUMMARY OF E S T  CONDITIONS FOR CHRONIC TOXYCL" TEST 

MnHOD: EPA W W W l  

CerWaphnla dubla Plmophalcs pmmelas 
Method: 1002.0 Method: iOOO.0 

_ .  
Test Type: Static-Renewal Static-Renewal 

Temperature: 

ugm auaiity: 

Light Intenriry: 

Photoperiod: 

Test Chamber Size: 

Ten Salvtion Volume: 

Renewal of Ten Concentrations: 

Age of Test Organism: 

No. of Test Organisms per Chamber: 

No. of Replicate Chambers per Concentralon: 

Feedlng Regime: 

Aeration: 

Dilution Water: 

Effluent Concetrations: 

Test Duration: 

Effects Measured: 

Test Acceptability: 

25'i 1% 

Ambient laberatory 
illumination ( m i  
Mae) 

Approx. ico n-c 

8 hrs. d d .  16 hrs. 
light 

30 rnls 

15 rnVrepiicate 

Oaily 

Less than 24 hours 

1 

10 

Fed YCT (yeast tuspemsion) 
8 Selenastrvm minuturn 
(algae) suspemion daily. 

Samples mth D.O. greater 
m a  loo", saturation were 
aerated 

Recontttuted water (lWk 
Perrier water) 

100%. M96.25%, 12.5%. 
6.25% 

7days or until E& of the 
me control females have 3 
brwds 

Survival ard Reproduction 

8046 or greater suwwal 
in me mntrol concentration 

25' i 1'C 

Ambient kboratoly 
illhination (cool 
Mae) 

npprox. 100 R-c 

8 hn. W, 16 hrs 
light 

270 ml 

2 0  rnUreplicate 

1-2 days 

10 

3 

Fed brine shrimp nauplii 
in a amcentrated suspension 
twice daily. 

Sarrples wim D.O. greater 
than loo"? saturatian were 
aerated 

ReaxstiMed water (1 Pk 
Perrier water) 

1WA. SPA, 25%. 12.5%, 
625% 

7 d y s  

Survival and Growth 

80% or greater survivai 
the m t r o l  concentration 
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N. TEST ORGANISMS 
1 :  

Name: Cenodaphnia dubia; Pimephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N: Stock F 

I 

1 
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Ufe Stage: Neonate; Jwenile 

Mean Length and Weight (if applicable): N/A 

V. OUAUlY ASSURANCE 

Standard Toxicant:. Sodium Chloride 

Date and Time of Most Recent Test 

Ceriodaphnia dubia 06/72/91 (5:30PM) 
Pimephales promelas 06/06/91 (1 :OOPM) 

Dilution Water Used: Reconstituted Water, 1Wh Perrier Water 

Results: Ceriodaphnia dubia - LC, (48 hrs) = 2846 mgrl NaCl 
Pirnephales promelas - LC, (96 hrs) = 6587 m g h  NaCl 

Results are in acceptable range as determined by laborarory’s testing program. 

VI. RESULTS 

State Permit Urnas: NIA; NOEL: N/A 

Test Results: Toxicity was indicated wah the Ceriodaphnia dubia. The NOEC was 5G% effluent 
concentration. No toxicty was indicated with the fathead minnow. The NOEC was >loo% effluent 
concentration. The LOEC, EC,, and the Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appendix A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONlTORING RESULTS 
SAMPLES COLLECTED JUNE 3,5,8nd 7, 1991 

EPA NO: 4088 

T0.l Sample 
Orgrnlam ID 

Ta.1 
Concanhallon 

1%) 
Ceriodephnia Coniml ... 
dubla 

Flnal EMuenl 6.25 
12.5 
25 
50 
1W 

Suwival Dam Analysis 

X SUNlVal by Day0 
1 2 3 4 6 6 7 1 1  Tox. Melhod 

1W 1 M  la0 1W 100 100 1W 1W ... ... 
100 io0 100 iw io0 i w  00 00 No lnspedlon 
1W 1W 100 1M 100 1W 1M 00 No lnspedon 
1M 100 100 1w 100 1M 100 00 No Inspection 
1W 1W 100 1W 1M tM 00 00 No Inspectlon 
100 1W 1M 100 80 30 30 30 Yes Flsheh 

Avarmgo I 
Younp TOX. Melhod 
Producad 

25 ... ... 
40 No lnrpadlon 
38 No lnrpecllon 
38 No Inspedlon 
31 NIA lnspectlon 
NIA NIA NIA 

Flndlng: NOEC = 50% EMuonl Conconlrrllon, 
LOEC I IOOK Emuanl Concanhallan, 
ChV v 71% EMuanl Concanlrrllon. 
EC, I 02% EMuonl Concanhrllon, 
Toxlclly 

Survival Dam Andysls Gmvvlh Dals Analysis 

X SUIVIVBI by Drys Average WI. Toil Sample T t d  
Organlam ID Concanlrrllon 1 2 3 4 S 6 7 lox. Melhod p a r b ~ r a  lox. Melhod 

(W (msl 

Falhead Conlml 1W 1W 100 87 03 07 80 0.20 
Minnow 

... ... ... ... ... 
Flnal EMusnl 6.25 1W 1W 07 97 Q7 03 80 No lnspeclbn 0.25 No lnspedbn 

12.5 1W 1W 1W 1W 1W 07 07 No Inspeclion 0.23 No lnrpactbn 
25 100 1M 103 1W 07 90 80 No lnspedlon 0.21 No Inspe&n 
60 100 07 03 03 80 83 83 No Inspadlon 0.29 No lnspdbn 
100 1W 1W 80 70 67 60 60 No Dunnetl's 0.28 No Dunnella 

Flndlng: NOEC > 100% Etlluanl Coneonhallon, 
LOEC > 100% EMuenl Concenlrallon, 
ChV I 100% Enluenl Concanlrallon, 
EC, w 100% EMuanl Concenlrallon. 
No Toxlclly 
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Blackstone River Sunrey 
nillhrywwpp, M i l l b R - Y ,  Fa. 

CHMICXL AuiILYSIS OF TOXICITY SAMPLE3 
24-hr time-composite samples 

A..YTICAL REslJLTs 
(rng/l unless othervise noted) 

Collection Dates 
P- 06/03/91 06/05/91 06/07/91 

0.13 

h?) 

18 

ND 

0.088 

0,011 

3.3 

ND 

0.056 

4.0 

400 

14 

28 

62 

0.15 

ND 

16 

ND 

0.083 

0.006 

3.0 

ND 

0.144 

39 

500 

19 

35 

90 
90D 

0.14 

0.004 

18 

m 
0.078 

0.004 

3 . 3  

0.01 

0.109 

20 

510 

21 

34 

64 

_. 

NOTES: Dr Sample Duplicate Toc= Total Organic Carbons 

Ts= Total Solids 

ND= Below minimum detectable level TSS= Total Suspense3 Solids 
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COMMONWEALTH TECHNOLOGY, INC. 
Envtmnm<nta/ and Nomrol Rouu- Cumlllrnd End Annlyfrcd Senlco 
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BlOMONlTORlNG JOB NO: W E P A  4087 - Chronic Study fA- 4 
\9931 SAS 1109 - . -0 .~1~:  w 4 i 2 4  S 1. INTRODUCTION 

Facility: Region I NPDES Permit No: N/A 

Contact Ms. Cindy Schreyer Phone No: (7W) 519-1386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: Commonweatth Technology, tnc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and limes: 06/C3/91/9:35AM; 06/05/91/10:45AM; 06/07/91/11:1OAM 
Collection Method: Ccmposite 
Physical and Chemical Data: See Attached Data Sheet in Pppendiw A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconst ied water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendix A. 

I 
81. TEST METHODS 

Test Method: Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters I to Freshwater Organisms' EPN600/4-89/001. 

I Deviations from methods, if any, and explanation: Samples with dissolved oxygen (D.O.) greater than 
100 percent saturation after warming, were aerated slowly until D.O. was below 100%. 

Date and Time Test Started: 06/04/91 (730PM); 06/04/91 (630PM) 
Date and Time Test Terminated: 06/12/91 (6:45PM); OW1 1/91 (530PM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature. 25" 

I 
I 

l0C 

I 
I 



TABLE 1 I 
SUMMRY OF E S T  CONDmONS FOR CHRONIC TOMCITY E S T  

MmHOD: EPA WLY4-85yOOl 1 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

I Ceriodaphnia dubb Pimaphales pmmelns 
Method: 10020 Method: 1 w O . O  

-. 
Test Type: Static-Renewal Static-Renewal 

Temperature: 

ught Qual@ 

UgM Intenstry: 

Photoperiod: 

Test Chamber Size: 

Test Solution Volume: 

Renewal of Test Concenizations: 

Age of Test Organism: 

No. of Test Organisms per Chamber: 

No. of Replicate Chambsr+ per Concentration: 

Feeding Regime: 

Aeration: 

DiluUon Water: 

Effluent Concentrations: 

Test Duration: 

Effects Measured: 

Test Accepbbility: 

25' f 1'C 

Ambient bboratory 
illumination (cod 
Mite) 

AQP~OX. IMI n e  

8 hrs. dark. 16 hrs. 
light 

30 mls 

15 milreplicate 

Daily 

LBSS fhan 24 hours 

1 

10 

Fed YCT (yeast suspension) 
8 Selenasfmm minuturn 
(algae) suspension daily. 

samples with 0.0. greater 
than 1CQ% saturatim were 
aerated 

RemnsMuted water (1PA 
Penier water) 

1 W A .  SO??, 25%. 12.5%. 
625% 

7 days Or until 60% of 
me mntrol females have 3 
brcds  

Survival and Reproduction 

60% or greater survival 
in me wntrol cencentratien 

25' f 1% 

Ambient labratory 
illumination (mol 
white) 

AQP~OX. 100 n-c 

8 hrs. dark, 16 hrs. 
light 

270 mi 

200 mVreplicate 

Daily 

1-2 days 

10 

3 

I 
1 
I 
I 
I 
I 
I Fed brine shrimp reuoiii 

h a wncentrated suspensicn 
twice daity. 

Samples wth 0.0. greater I 
I 

(han 100% saturation were 
aerated 

Recmstituted water (1PA 
Penier water) 

I lW?, SPA, 25%, 12.5'6, 
625% 

?days 

I Survival and Growth 

80% or greater survival - 

I m me wntrol wncentra:ion 
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I :  N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pimephales promelas - 
Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

. Life Stage: Neonate; Jwenile I .  
Mean Length and Weight (if applicable): N/A 

I 
I 
I .  
I .  
I 
I 
I 
I 
I -  

V. QUAUN ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 06ll2191 (5:30PM) 
Pimephales promelas 06106191 (1 :OOPM) 

Dilution Water Used: Reconstktuted Water, 10% Perrier Watec 

Resuns: Ceriodaphnia dubia - LC, (48 hrs) = 2846 mgA NaCl 
Pimephales promelas - LC, (96 hrs) = 6587 m g h  NaCl 

Results are in acceptable range as determined by laboratovs testing program. 

VI. RESULTS 

State Permit Limits: N/A; NOEL: N/A 

Test Results: Toxicity was indicated with the Ceriodaphnia dubia. The NOEC for the Ceriodaphnia dubia 
was 25% effluent concentration. No toxicity was indicated with the fathead minnow. The NOEC was 
> l o p ,  effluent concentration. The LOEC, EC,, and Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appendix A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONlTORlNG RESULTS 
SAMPLES COLLECTED JUNE 3,5, and 7, 1991 

EPA NO: 4087 
Survtval Deb Analysis Repmduclbn Dam Anetplr 

TOO1 Sample Tail  % Survlvel by Days AVaIbga I 
Organlsm ID Concenhrllon 1 2 3 4 6 8 7 6 TOX. Melhod Young Tox. Malhod 

(%) Prodwad 

... ... ... 1W 100 io0 1W iM i W  lo0 100 ... ... 25 Cadodoohnia Conlml 
dubre 

Flnel Effluent 6.25 1W 90 90 70 70 70 70 70 No Flshets 19 No Dunnsn's 
12.5 100 100 90 70 70 70 70 70 No Inspection 15 No Dunnon's 
25 rm 1W 90 90 BO 80 eo eo No Inspection i s  No Dunnail's 
so 1W 80 70 60 60 80 60 EO No lnspodbn 6 Yes Dunnen'a 
100 1W i W  100 80 70 70 70 70 No Flshets 3 Yes Inspecllon 

Flndlng: NOEC = 25% EMuonl Conconhallon, 
LOEC 50% Emuant Coneanhallon, 
ChV = 35% Emuonl Concanlrallon, 
EC, r 100% ElllUonl Conoonhellon. 
Toxlclly 

Sulvlusl Dale Anatpls Grawlh Dele Anat913 

T a d  Sampla Teal 
Organlsm ID Conoenlrallon 

e4 
Fnlhand Conlml ... 
Minnow 

Flnel Einumi 8.25 
12.5 
25 
so 
1W 

Avaraga W1. Y. Survlvd by Days 
. I  2 3 4 6 6 7 Tox. Halhod par Llwaa lox .  th lhod 

lwl 
1W 100 100 87 e3 87 BO 0.29 

100 i W  100 97 87 83 77 No Inspadion 0 34 No lnapecllon 
100 100 1W 83 93 93 80 No lnspectbn 0.33 No Inspadion 
IW IW ioo 97 e3 eo eo No Inspection 0.30 No lnspocllon 
1W i W  1W iM 07 93 87 No Inspection 0.28 No lnspectlon 
1W 100 i W  07 97 80 77 No Dunnell's 0.27 No Dunnen'e 

... ... ... ... 

Flndlng: NDEC > IWY. Emuenl Concmhallon. 
LOEC > 100% Etlluenl Concanlrallon, 
Chv - loox EMuenl Conceolrallon. 
EC,, loox Elfluant Concenhailon, 
No Toxlclly 
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Blackstone R i v e r  Survey 
Grafton “Jrp, Grafton, Ma. 

CHEFTCAL, ANALYSIS OF TOXICITY S.4TLES 
24-hr t ime-compsi te  sanples  

A??&YTIC;V, RESULTS 
(mg/l d e s  otherwise noted) 

Col lec t ion  Dates 
P- 06/03/91 06/05/91 06/07/91 

Al 

cd 

ca 

Cr 

cu 

Pb 

Mp 

Ni 

zn 
N-hN4 

Ts 

TSS 

T x  

0.10 

ND 

16 

ND 

0.018 

0.004 

3.5 

0.01 

0.049 

1.5 

390 

4.8 

11 

64 

0.13 

0.003 

16 

NE 

0.033 

ND 

3 . 5  

ND 

0.050 

1.5 

370 

6.6 

13 
12D 

70 

0.28 

0.004 

17 

ND 

0.035 

0.001 

3.0 

ND 

0.058 

3.0 

400 

20 

16 

78 

NOTES: D: Sample Drrplicate TCC= Tota l  Organic Carbons 

TS:: Tota l  Sol ids  

ND= Below m i n i m  de tec t ab le  l e v e l  TSS= Tota l  Suspensed Sol ids  
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Edward 0. F o r e .  Ph.D.. P.E. John S. Tapp, Ph.D.. P.E.. L.S. 

COMMONWEALTH TECHNOLOGY, IKC. 
Ennuironmcnrd and Ndruml Rtsourm Coruvllinr md Anolyticd Zcnicer 

Lu'npton, Kentucky Louisville. Keniuc)cy Grayson. Kcirucky 

BlOMONlTORlNG JOB NO: 4006EPA 4190 - Chronic Study 
&ltt;9izt b$z p o d ,  U4 SAS 1109 

1. INTRODUCTION 

Facility: Region I HPDES Permit No: N/A 

Contact Ms. Cindy Schreyer Phone No: (7a) 519-1366 

Receiving Stream: FVA Contad. Billie Rogers 

Laboratory: Commonwealth Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 405032961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and Times: 08/05/91/7:37AM; 08/07/91/6:35AM; 08/E/91/6:00AM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in AppendhA 

2 Dilution Water 
The water used for dilutions and control was a moderately hard reconstiited water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Append= A. 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating the ChronicToxicity of Effluents and Receiving Waters 
to Freshwater Organisms' EPA/600/4-89/001. 

Deviations from methods, ll any, and explanation: After warming the samples to 25% the samples with 
dissolved oxygen (D.O.) readings greater than 100 percent saturation were aerated slowly until D.O. was 
less than 100%. The samples were dechlorinated wkh sodium thiosutfate because their chlorine 
concentration was A.02 m g h  

Date and Time Test Started: 08/05191 (3:15PM); 08/06/91 (3:45PM) 
Date and Time Test Terminated: 08/13/91 (3:30PM); 08/13/91 (4:OOPM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature, 25" i lac 

I 



TABLE 1 
S U M M Y  OF TEST CONDlllONS FQR CHRONIC TOMCITY EST 

M m O D :  EPA & X I W O O 1  I 
clrkdaphnla dubh P1rnaphal.r pmrnelas 
M a h o d :  10020 Method: 1ooO.O 

1. Test Type: Static-Renewal Wc-Renewal I 
2 Ternpenhm: 

3. W M  Quaitry: 

4. ugm Intensity! 

I 
1 

25' f 1% 25'2 1.c 

Ambient latarator/ Ambient b r a t o r y  
AumWm (cod Illumination (mol 
Mite) M a e )  

Appror loo n z  &mx. 100 8-c 

I 
I 
I 

5. Photoperiod: 8 hrs. dark, 16 hrs. 8 hrs. dar)c, 16 hrs. 
light rrgm 

6. Test Chamber Sbe: 30 mls 270 rnl 

7. Tast Sclutlon Volume: 15 mVreplicate 200 mUreplicate 

a. Renewal of Test bncentralons: WtY mv 
9. Age of Test Organism: Less  than 24 b u r s  1-2 days 

10. No. of Test Organlrmr per C h a m b c  1 

11. No. of Repllcam Chambers per Concsnbatlon: 10 

12. hsdlng Reglme: 

13. Aeration: 

14. Dllutlm W e .  

15. Effluent cOncsnb.tioru: 

16. TutDuntfm: 

Fed YCT @esi suspensien) 
8 Selenastrvm mhutum 
(algae) sus-n daiv. 

San-q~les with 0.0. greater 
than 1 W A  oaturatiieo were 
aerated 

ReccnstiMed water (1 0% 
Perrier water) 

10 

3 

Fad brine shrimp naupiii 
h a concentrated suspr;si 
twice daib. 

sarrples with 0.0. greater 
than 1 W A  saturarion were 
ama!ed 

R e d M e d  water (10% 1 
Perrier water) 

d 
I 

I 100%. 50%. 25%. 125%. 
825% 625% 

1CC%, SO%, 25%, 12.5%. 

7 days or until -A of 
me mntrd famales have 3 
breeds 

7-ys I 
I 
I 

17. E*srs Measursd: Survival and Reproduction Survival and G r M  

18. Tist A c w ~ l l l t y :  ETA or greater survhal 80% or greater suwhai 
h the mntrol mcentrafion h the mntlol concertzatien 

I 
1 
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N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pimephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ute Smge: Neonate; Jwenile 

Mean Length and Weight (if applicable): N/A 

V. QUAUN ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Teat: 

Ceriodaphnia dubia 08/05/91 (1 :WPM) 
Pimephales promelas 08/06/91 (9:OOAM) 

Dilution Water Used: AeconstiMed Water, 10% Perner Water 

Resutts: Ceriodaphnia dubia - LC, (48 hrs) = 2261 mgl NaCl 
Pimephales promelas - LC, (96 hrs) = 7227 mQA NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

State Permit Umits: NIA; NOEL: NIA 

Test Results: Toxicw was indicated with the Ceriodaphnia dubia. No toxickj was indicated with the 
fathead minnow. The NOEC for the Ceriodaphnia dubia was 6.25% effluent concentration. The NOEC 
for the fathead minnow was >lOOsb effluent concentration. The LOEC, EC,, and the Chronic Values are 
presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appendb: A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 
SAMPLES COLLECTED AUGUST 5,7, AND 9,1991 

EPA NO: 4190 
SuNfvd Dola Analyela Rbpmduabn D& h d p l s  

T*lt S.mpls Ted X SuNNBl by Days Avmgw I 

6) PrOdund 
Organlsm ID Concentallon 1 2 3 4 E 6 7 TOX. M h o d  Young TOX. M.lhod 

cerlodephn'n canbol _.. im im im im icn io0 im .._ 22 ... ... ... 
dubla 

flnal Elllumt 6.25 im im im im im io0 im No InspcWn 17 No T-Teal 
12.5 im im im im icn io0 im No Inwecllon 13 Ym T-Teal 
26 100 1m 100 100 1M im 00 No Inwadon 0 Ye. T-Tee1 
MI im im 80 80 80 BO BO No InyrcUMl 11 Yen T-Teal 

1W 1M 1m 00 00 w 00 00 No Innpedon 11 Y M  T.Teal 

flndlng: NDEC I 816% EmUMl caK.nb*Hon, 
LOEC I 126% EMurnl Connnbatlon, 
chv I 8.w Emuant CMlnnballon, 
Ec, > 100% Emuint Connnlrallon, 
TOXlCny 

Survival  DE^ & ~ d p l s  Growth Dah h d p b  

Tee x Survhlal by Days Amnge W. 
ConnnbaUon 1 2 3 4 6 6 7 lox. Mathod plhNU TOX. M O M  Ted S.mpk 

Organlam ID 
6) (me) 

... ... ... ... F n l h d  Conbol ... i w  im icn 07 07 eo 00 0.42 
Mlnmw 

nnal EMUmI 6.25 im im im 100 im tm im No lnspectbn ow No Inapectbn 
12 6 07 07 e7 03 03 03 03 No InspecUan 0 52 No Inepcdon 
26 100 im im im im i w  im No Inspealon 0 40 No lnspedlon 

0 46 No In- im im 07 e3 BO 00 eo No lnepectbn 60 
1W im im im i w  im IM im Ye6 InspecUon 0.48 No In- 

flndlng: NDEC > 100% Emuml caK.nballon, 
LOEC > IDOX Emuenl Cannnballon. 
chv -1wx Emuenl Cananballon, 
EC, > 100% Emuent Conrsnhallon. 
No Toxlolty 

. 
m - m ~ - - . b m = m J I I - r ~ - n w =  
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Blackstone River Survey 
Northbridge WWF, Northbridge, Ma. 

cHE?IIC& ANPJYSIS OF MXICITY SAYPLES 
24 hr time-cmpsite samples 

h%LrnIChL RESULTS 
(mg/l d e s s  otherwise noted) 

Collection Dates 
os/oj/sl P- 08 07 91 08 09 91 

0.14 

(0.015 

10 

<0.025 

0.080 

0.0048 

1.8 

0.051 

0.13 

5.1 

280 

( 5  

10 

60 

WE.5: E= Sample Duplicate 

TS= Total Solids 

h!!= B e l o w  minimm detectable level 

0.050 

<O. 0030 

9.5 

<0.0050 

0.0'73 

0.0069 

1.7 

0.018 

0.13 

7.3 

290 

<5 

11 

60 

0.070 

<0.015 

9.2 

<0.0050 

0.075 

0.0066 

1.7 

0.012 

0.14 

5.5 

300 

<5 

11 

66 

TM3= Tota l  Organic Carbons 

Alk.= Alkalinity 

TSS= T o t a l  Suspensed Solids 
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Edward G. For=. Ph.D.. P.E. John S. Tapp. Ph.D.. P.E., L.5. 

COMMONWEALTH TECHNOLOGY, INC. 
&nvitonmenfol and N ~ ~ l i d  Ruourcrr Comlrjnt m d  Annlyficd &mice$ 

Lcxingon, Kentucky Louisville, Kentucky Grayson, K r x u c k y  

BIOMONITORING JOB N O  4006EPA 4191 -Chronic Study 

DXBecb6E w, H 4  SAS 1109 

1. INTRODUCTlON 

Facility: Region I NPDES Permit No: N/A 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: NIA Contact: Billie Rogers 

Laboratory: Commonweatth Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2361 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent ~..  
Sample Point: Fnal Effluent 
Collection Dates and Times: 08/05/91/8:20AM; 08/07/91/7:55AM; 08!E/91/7:05AM 
Colleciion Method: 24 Hour Composte 
Physical and Chemical Data: See Aftached Data Sheer in Appendix A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendk A. 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating the ChronicToxicitj of Effluents and Receiving Waters 
to Freshwater Organisms' EPN600/4-89/001. 

Deviations from methods, if any, and explanation: After warming the samples to 25°C the Samples weh 
dbsolved oxygen 0.0.) readings greater than 100 percent sabration were aerated slowly until D.O. was 
less than 100%. 

Date and Time Test Started: 08/06/91 (4:OOPM): 08/06/91 (3:50PM) 
Date and Time Test Terminated: 08/13/91 (4:OOPM); 08/13/91 (4:OOPM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature, 25' ;t 1% 

I 
1 
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TABLE 1 

SUMMARY OF E S T  CONDmONS FOR CHRONIC TOMClTY E S T  
MELYOD: EPA 6 W 4 - W O O I  I 

I .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

I Cerlodnphnls dubh Plmrphalar promdas 
M e t h e  1002.0 MethDd: 1000.0 

Tost Type: Static-Renewal Static-Renewal 

25’ i 1.C 

UgM Intensky: 

Photoperiod: 

Tart C h a m 9  Size: 

Test Salutlon Volume: 

Renewal of Tea Ccncentratlons: 

Age of Test Organltm: 

No. of Tost Organlsms per Chamber: 

No. of Replluto Chambers per bncmtratbn: 

F d h g  Reglme: 

Asntlon: 

Dlldon Water: 

Test DMtlon: 

25‘ 1.C 

Ambient laboratory 
Illumwtion ( m i  
*ne) 

A ~ ~ ~ O X  IM) ns 
8 hrs. dak. 76 hrs. 
light 

30 mk 

15 dreplicate . 

Daily 

LesS than 24 hOUK 

1 

10 

Fed YCT beast suspensbn) 
8 Selendsrmrn minuturn 
(algae) suspension daily. 

San-~lar wivl D.O. greater 
than lapk &ration were 
aetated 

AemMtmrted water (1 0% 
Perriernatar) 

lWk, 50%. 25%. 12.5%, 
6.25% 

7 days or until Book of 
the canfro1 females have 3 
broods 

Survival and Reprodudion 

8o”h or greater suwival 
In the mnhol concentration 

Ambient kbontory 
Iliuminatia ( m i  
white) 

APP~OX 100 n-c 

8 hrs. m. 76 his. 
light 

270 rnl 

2W rnVreplicate 

Daily 

1-2 days 

10 

3 

Fed brine shrimp nauplii 
In a concentrated suspension 
hvice daily. 

sampler withD.0. greater 
man 7CG% saturxtlon were 
MratCd 

RKWlSWUt ’ edwater (1oDA 
Perrier water) 

100%. 5G%, 25%. 12.5%. 
625% 

7 h y s  

Survivsl and Growth 

I 
I 
1 
I 
I 
c 
I 
1 
I 
I 
I Effect$ Msasursd: 

Test Accsptablllty! I W A  or grsater survival 
In the control mcenuation 

I 



I 
1 
fl 
c 
li 
z 
6 
I 
I 
I 
I 
I 
I 
6 
Qt 
1 
I 

John 5. Tapp .  Ph.D., P.E.. 1.5 

JUL 18  1991 
Edvud G .  Fore,  Ph.D.. P.E. 

COMMONWEALTH TECHNOLOGY, INC. 
Envimnmrnrol #ad N#ruml RPO- tonrvlrimg and AndyLc?I Scrvicu 

Lexington. Kentucky Louinillc. Kentucky Grayson. Kcniucky 

~ 

- BIOMONITORING JOB NO: 4006iEPA 4093 - Chronic Study 
SAS 1109 

+1mA / N b U S T ~ f ~  

l. INTRODUCTION a0urjUt.s , MA 
Facility: Region 1 NPDES Permit No: NIA 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: N/A 

Laboratory: Cwnn wealth Technology, Inc. 
2520 I .  -gency Road 
Lexington. Kentucky 40503-2961 

Contact: Billie Rogers 

(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 3 

Sample Point: Final Effluent 
Collection Dates and Times: 06/17/91/8:45AM; 06/19/91/7:50AM; 06/21/91/7:50Ah4 
Collection Method: 24 Hour Campsite 
Physical and Chemical Data: See Attached Data Sheet in Appndk A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconstiied water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendix A. 

111. TEST METHODS 

Test Method: 'Short-Ten Methods for Estimating Me Chronic Toxicity of Effluents and Receiving Waters 
to Freshwater Organisms' EP~600/4-89/001. 

Deviations from methods, if any. and explanation: After warming the samples to 25% the samples with 
dissolved oxygen (0.0.) readings greater than 100 percent saturation were aerated slowly until 0.0. was 
less Ban 100%. 

. 

Date and l i m e  Test Started. 06/18/91 (2:lOPM); 06/18/97 (2:30PM) 
Date and l i m e  Test Terminated: 06/26/91 (22OPM); C@/Z!j/91 (2:OOPM) 
Test Chambers: Rzfer to Table 1 
Volume used per Chamber: Refer to Table 'I 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperahlre, 25' rt 1°C 
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TASLE 1 
S U M W Y  OF TEST WNDmONS FOR CHRONIC TOXICITY E S T  

MmHOD: EPA 6# 'WiW1 

Cuiodaphnln dubin Pimophalor pmmolns 
Method: 1WZO Method: -1ooO.O 

1. Test Type: Static-Renewal Static-Renswal 

z 
3. 

4. 

5. 

6. 

7. 

8. 

4. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Ugh Intenstty: 

Photoperiod: 

Test Chamber Size: 

Test Solution Volume: 

Renewal of Test Concentrations: 

Age of Test Organlsm: 

No. of Test Organisms per Chamber: 

No. of Repllutc Chambers perbnwniratlon: 

Fbedlng Regime: 

Aeratlon: 

Dilution Water: 

Test Dudon: 

Effects Maawrbd: 

Test Accaptabillty: 

25 f 1'C 

merit kboratory 
niuminatlon (0001 
white) 

A ~ P ~ X  io0 nc 
8 hK. dark, 16 hm. 
light 

30 mls 

15 mVreplicate 

Daily 

Less tbn 24 burs 

1 

10 

Fed YCT && suspension) 
& Selena+trum minurum 
(algae) suspe~ion daily. 

Sarivies with 0.0. greater 
Um tWk &ation ware 
aerated 

ReoDnsfihrted water (1Pb 
Penier water) 

1Wk. m, 25%, 125%. 
625% 

7 dap or V n I m  ofthe 
the control females have 3 
broods 

Survival and R e p r o d u d i  

69% or greater survival 
h me mtro l  wnfentratii 

25' * 1% 

Ambient laberatory 
U l u m W i  (cool 
M i e )  

A P ~ ~ O X  i w  nc 

fim 
8 hrs. W. 16 hrs. 

270 ml 

200 mVreplicate 

@w 
1-2 days 

I O  

3 

Fed brine shrimp muplii 
h a mcentrakd sus-ion 
hvice daily. 

sarrplsr with D.O. greater 
than 1 Wb saturafkn were 
aerated 

REaWMll i  ' &water (10% 
Penier water) 

1Wb. SO%, 25%, 12.5%. 
625% 

?I.dayt 

Sunivsl and Growth 

85% or greater survival 
h me control cuuentraihn 
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N. TEST ORGANISMS 

Name: Cerbdaphnia dubia; Pimephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ufe Stage: Neonate; Jweniie 

Mean Length and Weight (if applicable): WA 

V. Q U A U M  ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 08/05/91 (1 :OOPM1 
Pimephales promelas 08106191 (9:OOAM) 

Dilution Water Used: Reconstftuted Water, 10% Perrier Water 

Resutts: Ceriodaphnia dubia - LC, (48 hrs) = 2261 mgn NaCl 
Pimephales promelas - LC- (96 hrs) = 7227 mgL NaCl 

Results are in acceptable range as determined by laboratoy/s testing program. 

VI. RESULTS 

State Permit Limits: NIA; NOEL: NIA 

Test Results: No  toxic^ was indicated wah the Cen'odaphnia dubia or the fathead minnow. The NOEC 
for both the Ceriodaphnia dubia and the fathead minnow was >lOU% effluent concentration. The LO& 
EC, and the Chronic Values are presented in Table 2. 

Data Tablet and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Daa: Bench Sheet Data is Presented in AppendK A 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 
SAMPLES COLLECTED AUGUST 5, 7, AND 9,1991 

&PA NO: 4191 
Su&d Dah Anelysls Aepmduclbn Dah An+a 

Tad Sampln T0.l X SUNlVd by D8y. Avermgr I 
Organl8m ID Concanhllon 1 2 3 4 6 E 7 TOM. Melhod Young Tor. Mathod 

cx) Produced 

... ... ... ... ... cerlorlaphnla CnnbDl 00 00 00 00 eo 90 Ba 22 
dtitda 

Flnal EMuanl 8.20 1w 1w 100 W 00 00 00 No Inspedbn 22 No lnspcibn 
12.6 00 W 00 00 00 90 90 No Inspo&n 26 NO Inspdon 
26 100 100 1M 100 100 1w 100 No lnspecibn 27 No lnspocllon 
60 00 90 00 00 00 00 00 No lnrponbn 25 No lnspecUon 
1 M  m 1 w  1 w  1M 1w 100 100 No lnspedlon I O  No Inspecibn 

Flndlnp: NOEC > 100% Emunnl Concnnballon, 
LOEC > 100% Emuonl Concenbnllon, 
chv I 1wx Emurnl Cornanballon. 
EC, > 100% EMurnt Concrnb8llon. 
No Toxlclly 

Su&al Doh Anolysls Gtuwlh Data Analysls 

Tad S8mpln TaDt X SUNlVal by Days Avoraga WI. 
Organlam 10 Conemhallon 1 2 3 4 5 8 7 Tor. Uslhod tWrhN80 TOX. Method 

(W (mol 

... ... ... ... ... Falheod CWhl 1w 1w 1w 1w 100 1 w  1M 0.36 
M l m  

f lnd  EIAuml 8.25 100 i w  100 iw iw too iw No lnspocibn 0.39 No Inspec(lon 
12.5 1W 100 100 03 W 00 00 No lnspecibn 0.50 No lnspecuon 
25 iw im too iw 07 07 07 No Inspadon o.dn No InspadJon 
60 1 M  1M IM 1 M  1M 07 07 No lnspecilon 0.47 No hspectbn 
1 w  i w  i~ iw iw i w  i w  i w  No tnopectwn 0.39 No Inspdbn 

flndlng: NOEC > I W X  Emuanl Concanh8lton. 
LOEC > 100% Emurnl Conc8nkallon. 
ChV I IWX Emurnl concenkmtlon, 
EC, > IOD% Emuant Concnnballon, 
No Toxlclly 
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Blackstone River Survey 
Uxbridge WWPF, Uxbridge, I& 

CHCiICAL kUALYSIS OF TOXICITY SAMPLES 
24-hr t ime-compsite sampls 

ANALITICAL RESULTS 
(mg/l unless othefi-ise noted) 

Collection Dates 
08/05/91 08/07/91 08/09/91 

0.041 

<0.0030 

15 

<0.0030 

0.052 

0.0028 

2.3 

0.012 

0.11 

0.32 

320 

10 

13 

13 

0.024 

<0.0030 

15 

<0.0050 

0.067 

0.0020 

2.2 

0.019 

0.19 

0.15 

340 

5 

11 

8 

0.047 

<0.0030 

16 

<0.0050 

0.061 

0.0020 

2.4 

0.012 

0.13 

0.22 

330 

( 5  

12 

16 

P;orrS: Lk Sample h p l i c a t e  Tot= Total organic carbons 

Ts= Total Solids Alk.= Alkal in i ty  

h'D= Belor; minimum detectable l eve l  TSS= Total  Suspense3 Solids 
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N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pirnephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ute Stage: Neonate; Juvenile 

Mean Length and Weight (if applicable): N/A 

V W:.LllY ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test 

Ceriodaphnia dubia 06/12/91 (5:30PM) 
Pirnephales promelas 06/22/91 (3:30PM) 

Dilution Water Used: Reconstituted Water, 10% Perrier Water 

Results: Ceriodaphnia dubia - LC, (48 hrs) = 2846 mgfl NaCl 
Pimephales promelas - LC, (96 hrs) = 6295 mgh NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

State Permit timifs: MA; NOEL: NIA 

Test Results: Toxicity was indicated with the Ceriw'aphnia dubia. NO toxicity was indicated with the 
fathead minnow. The NOEC for the Ceriodaphnia dubia was 50% effluent concentration. The NOEC for 
the fathead minnow was >loo% effluent concentration. The LOEC, EC,, and the Chronic Values are 
presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw D a w  Bench Sheet Data Is Presented in Appendbc A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 

EPA NO: 4093 
SAMPLES COLLECTED JUNE 17, 19, AND 21, 1991 

SuNtVd OOla Analyslr Repmductlar Dela hwl~ 
Te.1 Samplr Tad X Survlval by Dlye Aveiaga I 
Organlem ID Cancanhallon 1 2 3 4 E 8 7 8 Tox. Method Young lox. Method 

(X) Produced 

... ... ... ... ... Cerlodsphnla ConMl 1w 1w 1w 80 80 80 00 80 30 
M a  

flnal EMuenl 8.25 1w 1w 00 00 110 80 00 no No lnspectbn 42 No Inapectlon 
12.5 1w 1 M  1w 1M 00 w) BO 00 No Inspepon 44 No lnspectlon 
25 1w 100 1w loo 1w 1w 1 M  1w No lnspedbn 41 No Inspectlon 
60 1w 100 1w 90 80 80 80 80 No lnapsctbn 23 No lnspectlon 
100 100 1 w  100 tw 1w 1w 100 80 No lnspectlon 3 Yea lnspectlon 

flndlng: NOEC - 60% Emurnt Consrnhallon, 
LOEC 100% Emusnl Concanhallon, 
ChV -70.7% EMuenl Concanhallon. 
EC, b 100% Emuant Concanhallon, 
Toxklly 

Sulvlvel Dela Andysls Qrowth Dala Anelpls 

Tad Sample Tad X S u ~ I v d  by Day. Averegm WI. 
Orpenlem IO Concanhallon- 1 2 3 4 6 0 7 lox. Mathod p e i b w a a  lox. Method 

tr.) (mal 
F n h d  CUllml ... iw  93 87 e7 87 87 80 ... ... 0.42 ... ... 
Mlnnow 

Flnal EMuenl 8.25 1w 97 07 03 03 93 93 No lnspectlon 0.43 No InspecHan 
12.5 83 83 EO 80 73 73 70 No lnspectbn 0.81 No lnspectbn 
25 97 07 07 97 87 87 110 No lnapsctbn 0.48 No Inrpeahn 
60 97 01 97 97 07 07 97 No Inspectbn 0.m Nd lnapaahn 
100 87 83 00 77 77 73 73 No Dunnen'a 0.49 No InrpecUon 

I 
Flndlng: NOEC > 100% Emuanl Concmhellon, 

LOEC > 100% EMuenl Concenhatlon, 
ChV . 100% EMuent Concanhallon, 
EC, > 1WXEMuenl Concanhmllon, 
No Toxlclly 
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a 
Blackstone River Survey 

hilford Industries, East Douglas, Ma. 

CHEiICAL A U Y S I S  OF MXICITY SAMPLES 
24-hr time-compsite samples 

AWrnICAL RESULTS 
(mg/l unless otherwise noted) 

Collection Dates 
06/17/91 06/19/9 1 06/21/91 

0.02 

ND 

5 . 5  

ND 

0.005 

ND 

1.3 

ND 

0.003 

0.16 

280 

12 

51 

38 

NOTES: D= Sample Dvplicate 

TS= Total Solids 

ND= Belou minimum detectable level 

0.02 

hD 

5.1 

0.004 

ND 

hD 

1.3 

ND 

0.294 

0.09 

280 

11 

48 

34 

0.04 

0.007 

5.6 

0.011 

hD 

ND 

1.2 

hiD 

0.315 

0.11 

250 

13 

44 

34 

Tee= Total Organic Carbons 

Alkalinity 

TSS= Total Suspensed Solids 
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John 5. Tam Ph.D.. P.E., L.S. 

COMMONWEALTH TECHNOLOGY, INC. 
Envirunmmrd and Narurd Ruourcrr Conrulrin~ and Analyficd SIrvicCs 

Lcxington, Kentucky Louisville. Kentucky Grayson. K:ntucky 

BIOMONITORING JOB NO: 4006iEPA 4192 - Chronic Study 

3 0 V 6 L 4 4  F i 7 4 ; I w . W  SAS 11 09 

1. INTRODUCTION 

Facility: Region I NPDES Permit No: N/A 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: Commonwealth Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

11. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and Times: 08/05/91/9:00AM; 08/07/91/8:55AM; 08/09/91/8:30AM 
Collection Method 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in Appendix A 

The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution wafer is reported in Appendix A 

2. Dilution Water 

111. TEST METHODS 

Test Method: 'Short-Ten Methods for Estimating the ChronicToxicity of Effluents and Receiving Waters 
to Freshwater Organisms' E?N600/4-89/001. 

Deviations from methods, I f  any, and explanation: None Performed. 

Date and Time Test Started: 08/06/91 (2:OOPM); 08/06191 (2:OOPM) 
Date and Time Test Terminated: 08/13/91 (2:30PM); 08/73/91 (4:OOPM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature, 25" i 1'C 
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TABLE I 
SUMMARY OF TEST CONDmONS FOR CHRONIC T0XWl-Y TEST 

METHOD: EPA 6 o c y ~ O O 1  

Caricdnphnla dubb Plmephnlas promelas 
Method: 1002.0 Method: 1ooO.O 

1. Tost Type: Slatic-Renewal Static-Renewel 

2 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

UgM lntnnslty: 

Photoperlod 

T M  Chamber Slze: 

T M  Solutlon Volume: 

Renewal of Test Concenualons: 

Age of Test Organism: 

No. of Test Organlsms per Chamber: 

No. of Repllab Chamben per Concen'aatlon: 

Fwdlng Regime: 

Aeration: 

D l l v t l ~  Water: 

Effects Measured: 

T M  Acaptabl l l ty :  

25' f 1% 

Arrbient hsoratory 
Uiuminatii (cool 
white) 

Appro% 1 MI ft-c 

light 
8 hrs. dark. 16 h. 

30 m(s 

15 mUreplide 

Daity 

Less mSn 24 hours 

1 

10 

Fed YCT (yeast suspension) 
B Selenastmm minulum 
(algae) suspension daily. 

None 

Remnsijtuted water (10% 
Penicr water) 

lWk, 5m. 25%. 125%, 
625% 

7 days Or until 6U% of 
the a&oI females have 3 
breeds 

Survival Md Reproduction 

80% or grsatar survival 
h the mrrtrol mncerrtration 

25' t 1% 

Ambient laboratory 
illurninatbn (coal 
whie) I 

I Apprru. 100 R-c 

8 hrs. dark. 16 hn. 
light 

270 ml I 
2W mUrqlicate 

Wty I 
1-2 days 

10 I 
I 3 

Fed brine shrimp nauplii 
h a ffincemated suspension 
twice daity. 

None I 
I RecerstWed water (1 0% 

Perrier water) 

I 1Wb. 50%, 25%, 12.5%. 
625% 

7-days 

Survival and O r o m  

Wb or greater survival 
h the ffirrtrol Concenb'aOOn I 

I 
I 
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N. TEST ORGANISMS 

Name: Ceriodapbnia dubia: Pirnephaies promelas 

Age: Less Man 24 hours; 2 days 

Source: Stock N; Stock F 

Llfe Stage: Neonate: Jwenile 

Mean Length and Weight of applicable): NIA 

V. Q U A U N  ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Cerfodaphnia dubia 08/05/91 (1 :OOPM) 
Pimepbales promelas 08/06/91 (9:OOAM) 

Dilution Water Used: Reconstituted Water, 10% Perrier Water 

Results: Ceriodaphnia dubia - LC, (48 hrs) = 2261 mgA NaCl 
Pimephales promelas - LC, (96 hrs) = 7227 mgh NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

State Permit Limits: Nla; NOEL: NIA 

Test Results: Toxiclty was indicated wth the Ceriodapbnh dubia and the fathead minnow. me NOEC 
f o r  the Ceriudaphnia dubia was 25% effluent concentration. The NOEC for the fathead minnow was 50% 
effluent concentration. The LOEC, EC,, and the Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appenda A. 



TABLE 2 

SUMMARY OF CHRONIC BlOMONlTORlNG RESULTS 
SAMPLES COLLECTED AUGUST 5, 7, AND 9, 1991 

EPA NO: 4192 
SUrvhrd Dall hab6b RepmducUon Oau Annlpls 

... ... ... BO 80 00 80 00 QO 00 ... ... 22 C&d@lrJa conlml 
dubla 100 IM roo im i~ IM IM No Inapnc(l0n 28 N o  lnspctbn 

No Inspeclion 30 No l n 6 p a lo n lm IM 1 M  Im 1M lM 100 im im I W  IM 100 ica I W  No Inspecllon 21 NO lnspecllon 
10 Yes Inspeclion N o  lnspnalon BO BO BO 00 BO 80 BO 

10 30 20 20 10 10 0 NIA NIA Yes lnspectlan 

8.25 
12.6 
25 
50 
1w 

Find EMueM 

NIA 

Rndlnp: NOEC 25% Emurnl Coneenballon, 
LOEC = 60% EMuanl Consenlrallon, 
chv .36.1% EHlurnl Concenhallon. 
EC, ~ 1 x  Emusnt Coneanba!lon. 
TonlcIW 

S ~ ~ l v d  Dav Analycls Growlh Dam Anniysls 

X Survlvd by Day. Avoraga WI. 
p r h l v n a  Tox. Ualhod 

Samplr TO.( 

0 
Tor. Malhod 

l a d  
Orpanlam ID Coneanballon i 2 3 4 6 8 7 

... ... ..I 1M 1M 1M 100 100 loa loo I.. ... 0.36 Falh0FId conlml 
Mlnmw IM 100 im 100 IM IM IM N o  Inspeabn 0.38 N o  Inspsdbn 

Inspeclbn N o  Inspealon 0.47 No 1M 1 M  100 1M 1M 1w 1M 
No InspecNon 0.42 N o  lnspecilon 1w 83 83 93 90 00 wl 

Inspnabn 87 07 97 87 97 97 87 No Inspaion 0.32 N o  
0 0 0 0 0 0 0  Yes Inspealon NIA NIA NIA 

8.25 
12.5 
25 
50 
1M 

Rnal EMuenl 

nndlnp: NOEC = 60% EMuanl COnc*nballOn, 
LOEC s I W X  Ellluanl Concanballon, 
ChV D 70.7% Efnuanl ConcanbmIloII, 
EC, I 80% Ellluml Conconballon, 
Torlclly 

. .  

I 
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Blackstone River Survey 
D O L l g k r n ,  E a s t D o u g h ,  pia. 

CHMICAL ANALYSIS OF TOXICITY SATLES 
24-hr time-composite 8/5/91 and 8/9/91 
Grab sample collected on 8/7/91 

ANALITICAL RESULTS 
(mg/l unless otherwise noted) 

Collection Dates 
P m m  08/05/91 08/0i/91(G) 08/09/91 

0.98 

<0.0030 

18 

<O. 0050 

0.23 

0.020 

3.0 

<0.0050 

0.20 

31 

560 

240 

35 

230 

TS= T o t a l  Solids 

h?)= Below minimum detectable level 

*= ppn cam3 

0.10 0.11 

<0.0030 <0.0030 

17 16 

<0.0050 <0.0050 

0.046 0.039 

0.0034 0.039 

2 . 1  1.9 

0.016 <0.0050 

0.10 0.079 

29 25 

3iO 380 

27 35 

22 32 

80 210 

W= Tota l  Organic Carbons 

A&.= Alkalinity 

TSS= T o t a l  Suspensed Solids 

(GI= Grab samples Taken 
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Edward C. Force. Ph.D.. P.E. ' @  John S. Tapp. Ph.D.. P.E.. L.S. - 
COMMONWEALTH TECHNOLOGY, INC. J U L  j 8 199' 

Envimnmenel m d  NOIWE! Ruourcp bnrulr ing m d  AMlyricol S e r v ~ c ~  

Lexinpon, Kentucky LouisviDe, Kentuclry Grayron. Kentucky 

BIOMONITORING JOB NO: W E P A  4044 - Chronic Study - 
- ~ o ~ s o m f o d ,  RI SAS 1109 

1. INTRODUCTION 

Facility: Region I NPDES Permit No: N/A 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: Commonwealth Technology. Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and Times: 06/17/91/720AM; 06/79/91/9:20AM; 06/21/91/92OAM 
Collection Method: Composite 
Physical and Chemical Data: See Attached Data Sheet in Append% A 

2. Dilution Water 
The water used for dilufiors and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water b reported in Appendix A. 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating me Chronic Toxicity of Effluents and Receiving Waters 
to Freshwater Organisms' EP.4600/4-89/001. 

Deviations from methods, H any, and explanation: Samples wfth dissolved oxygen [D.O.) greater than 
100 percent saturation after warming, were aerated slowly until D.O. was below 100%. 

Date and Time Test Started: 06/18/91 (2:15PM); W/18/91 (3:OOPMl 
Date and Time Test Terminated: 06/26/91 (230PMJ; 06/25/91 (3:30PM) 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature, 25" i 1% 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

1 2  

13. 

14. 

15. 

16. 

17. 

18. 

. . .  

rmE i 
SulMkLARY OF TEST WNDLVONS FOR CHRONK: ToxlclTy TEST 

METHOD: EPA W 4 8 S f o O l  

krlodaphnla dubia Plrnophsles pmrnolas 
Method: 1W2.0 Method. 1wo.o 

Tsrt Typ:  Static-Renewal Static-Renewal 

Temperature: 

Llght Oualnr: 

Light Intensity: 

Photnperlod: 

Test Chamber Sue: 

Tan Solutlon Volume: 

Renewal of Tsn Conmntrdlons: 

Age of Test Organism: 

No. of Test Organisms per Chambar: 

No. at Repllcrts Chambers per Conmnbtlon: 

Feeding Reglme: 

Aerdon: 

Dllullon Water 

Effluent Conmnbstlont: 

Toat Duntlon: 

Effects Measur& 

Tsn Acmplablllty: 

2 9  * 1% 

Ambient laboratory 
illumination (cool 
white) 

A P ~ ~ O X .  iw  R-C 

8 hfs. dad(. 16 hrs. 
light 

30 mls 

15 Wreplicate 

Daily 

Less U?an 24 hours 

1 

10 

Fed YCT &e& Su+pentiOn) 
a SeleMslntm minuturn 
(algae) suspension daity. 

sarrples with 0.0. greater 
than 1WA saturation were 
aerated 

Reconsfi~ed water (1 0% 
Pemer water) 

1CYXA. 50%. 25%, 125%. 
625% 

7 days or until 6LTb of 
the cmtrol femalss have 3 
broods 

Survival d Reproductian 

8o.k or greater survival 
h the mntroi s0ncentrah-1 

2 5  t 1'C 

Ambient laboratory 
UlumiMticn (mol 
whte) 

Appro% 1W R-c 

8 hrs. dark, 16 hrs. 

270 ml . 

200 dreplicate 

light 

W k  
1-2 days 

10 

3 

Fed brine shrimp Muplii 
in a mncentraied suspension 
twice daily. 

Sarrples W%I D.O. greater 
than 1 W A  saturatim were 
aerated 

RecMIstiMed water (1096 
Penier water) 

1 W .  5076, 25%, 12.5%, 
625% 

7 4 w  

Survival and Growh 

EO% or greater survf~d 
h the m o l  Eoncentraton 

I' 
I 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
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N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pimephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ufe Stage: Neonate; Juvenile 

Mean Length and Weight of applicable): N/A 

V. Q U A U N  ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 0611a91 (5:30PM) 
Pimephales promelas ffilW91 (3:30PM) 

Dilution Water Used: Reconstituted Water, 10% Perner Water 

Results: ceriodaphnia dubia - LC, (48 hrs) = 2846 mg/l NaCl 
Pimephales promelas - LC, (96 hrs) = 6295 mgh NaCl 

- 
- . . .  

R e s u b  are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

State Permit Limits: NIA; NOEL: NIA 

Test Resuits Toxicity was indicated with the Ceriodaphnia dubia and the fathead minnow. The NOEC 
for both the Ceriodaphnia dubia and the iathead minnow was 5G% effluent concentration. The LOEC, EC,. 
and the Chronic Values are presented in Table 2. 

Data Tables 8nd Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

_. 

Raw Data. Bench Sheet Data is Presented in Appenda A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 
SAMPLES COLLECTED JUNE 17,19, and 21, 1991 

EPA NO: 4094 
S ~ ~ l v d  DaU Anetysls Repduclbn Dala Annslysb 

Teal Smmpla 1 m . l  X Survlvsl by h y e  Avoregs I 
Orgnnlim ID Concanhellon 1 2 3 4 0 6 7 8 lox. Method Young lox. Malhod 

(XI Produced 

... ... ... ... ... cLhied&nla Conhol 100 100 100 eo 80 80 80 80 30 
duWa 

Flnal EMuent 8.25 im io0 100 i w  icn 100 i w  i w  No lnspedlon 51 No Inepalon 
12.5 1 M  1 w  100 1 w  1w 100 1w 100 No lnepsnlon 39 No lnspedlon 
25 100 i w  im iw i w  i w  iw IM No Inspodon 4r No Inspealon 
60 1 M  loo 100 100 1w 100 BO 90 No Inspedbn 32 No lnapedlon 
1 M  10 20 20 20 0 0 0 0 Yes Inapedlon NIA NIA NIA 

Flndlng: NOEC I 80% Emuent Cancanballon, 
LOEC I 100% Emuenl Concanballon, 
ChV I 70.7% Emuenl Concmhillon. 
EC, - 60% EMuenl Concanballon, 
TOXlCny 

Suwlval Dah AnS)ysls Growth !Jab Andyeli 

Avorigi WL TOM Sample l m . 1  ' X SUWYIvd by Day. 
Orginlnm ID Concrnhrllon 1 2 3 4 6 6 7 lox. Malhod p r i r r v e o  lox. Yalhod 

(m9) 

... ... ... ... ..I FaIheed Contml 1 w  93 87 07 87 81 80 0.42 
Mlnnow 

Flnd E M u d  6.26 im i w  i w  97 97 93 93 No lnspecllon 0.46 No DunneWn 
12.5 97 93 93 93 93 03 03 No lnnpectlon 0.3.3 No DunneWr 
25 ar 8? 87 07 87 87 81 No Inepedlon 0.38 No Dun n e W 8 
5a 90 II7 07 07 83 83 83 Na Inspeah 0.39 No DunneW8 
1M 8r 21 10 0 0 0 0 Yen Inspedlon NIA NIA NIA 

4 
vndlnp: NOEC I 60% EMuanl Conconhallon. 

LOEC I 100% EMuenl Connnhellon, 
ChV I 70.m EMu8nt Consanhrllon, 
EC. rn 6.3% EMusnl Concenballon, 
TOXlClIy 
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John S. Tapp. Ph.D.. P.E.. L.S. 

LouisdJc, Kentucky Grayson. Kcnrucky Lcdngron. Kcnrucky 

BlOMONlTORlNG JOB NO: 4006iEPA 4193 - Chronic Study - SAS 1109 
~up0rJsocy€? PON, 4T 

1. INTRODUCTION 

Facility: Region I N.PDES Permit No: N/A 

Con:aacf: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: NIA 

laboratory: Commonweatth Technology. Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 

Contact: Billie Rogers 

(606) 276-3506 

11. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and Times: 08/05/91/10:00AM; 08~07/9i/10:30AM; 08/09/?1,1?:55AM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in Appendix A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconstkted water adjusted to pH 7.8. 
The physical and chemical data of the diluton water b reported in Appendh A. 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating the Chronic Toxicky of Effluents and Receiving Waters 
to Freshwater Organisms' EPA600/4-8?/001. 

Deviations from methods, if any, end explanation: After warming the samples to 25°C the samples with 
dissolved oxygen (D.O.) readings greater than 100 percent saturation were aerated slowly until D.O. wts 
less Man loo%. 

Date and Time Test Started: 08/06/91 (3:OOPM); 08/06/91 (4:OOPM) 
Date and Time Test Terminated: 08/13/91 (2:30PM); 08/13/91 (4:OOPM) 
T a t  Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at ten temperature, 25" 2 1°C 



TAELE I 
SUMMARY OF TEST CONDmONS FOR CHRONIC TOxIcrry TEST 

MEWOD: EPA &XW-WOOl I 
I Csriodaphnla dubla Plmsphslsr prnrndns 

Method: 1002.0 Mathod: 1000.0 

1. Test Typ:  Static-Renewal Static-Renewal 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

U g h  Intenstty: 

PhotuprlDd: 

lesf Chamber Slze: 

Tesf Solutlon Volume: 

Renewal ot Tesf ~Cancen~ations: 

Age of Ten Organltm: 

No. of Test Organlsms per Chamber: 

No. of Repllucl, Chambers per Concemlon: 

F d l n g  Reglme: 

Aeration: 

DllutJon Water: 

Effluent bncenmtlons: 

1st Duration: 

Effecn M88sured: 

lest Accsptablllty: 

2 5  f 1'C 

Ambient laboratory 
illuminatjon (mol 
white) 

Appro% 100 ft-c 

light 
8 hrs. dark. 16 hrs. 

30 rnk 

15 mVreplicaIe 

Daily 

Less than 24 b u n  

1 

10 

Fed YCT beast suspension) 
& Selenastrum minuturn 
(algae) suspension daily. 

!Sar~les wth D.O. greater 
man 10% satur&n were 
aerated. 
Rewnrtituted water (10% 
Perrier water) 

1W%, 50%. 25%. 125%, 
625% 

7 days or until W% of 
me control females have 3 
broods 

Survival and Reproduetiin 

-A or greater s u W d  
h me '+ol concantration 

25' 2 1% 

Ambient laboratory 
Illumination (cwl 
M i t e )  I 

I A ~ Q C O X .  I 00 n-c 

0 hn.  dark, 16 his. 
light 

270 rnl 1 

1-2 days 

10 

I 3 

Fed brine shrimp nauplii 
in a mncentraled suspension 

I Wits daily. 

Samples wkh D.O. g r e e r  
Pan I&?% W u r d o n  were 
aerated. 
RemnstjMed water (1 046 1 
Pemer water) 

I 1ooOA. 50% 25?& 12.5%. 
625% 

?-days I 
I Survival and Growth 

80% or oreater survival 
h me &ol mncenlratjon 

I 
I 
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N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pimephales promelas 

Age: Le55 than 24 hours; 2 days 

Source: Stock N; Stock F 

Ute Stage: Neonate; Juvenile 

Mean Lengih and Weight (If applicable): NIA 

V. O U A W  ASSURANCE 

Standard Toxicant Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 08/05/91 (1 :OOPM) 
Pimephales promelas 08/06i91 (9:OOAM) ' 

Dilution Water Used: Reconstituted Water, 10% Perrier Water 

Results: Cen'odaphnia dubia - LC, (48 hrs] = 2261 mgA NaCl 
Phephales promelas - LC, (96 hrs) = 7227 mgR NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

State Permit Limits: N/A; NOEL: NIA 

Test Results: Toxicity was indicated wkh the Cen'odaphnia dubia. No toxicfly was indicated with the 
fathead minnow. The NOEC for the Ceriodaphnia dubia was 25% effluent concenlration. The NOEC for 
the fathead minnow was >lWh effiuem concentration. The LOEC, EC,, and the Chronic Values are 
presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods Used: Presented in Table 2 

Raw D e  Bench Sheet Data is Presented in &pendbbA 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 
SAMPLES COLLECTED AUGUST 5,7, AND 9, f991 

EPA NO: 4193 
SuNhrd Dale Analp19 Aepmddm Data Annlysli 

TI.1 Simplo T.4 % Sunrlvml by Omym A V U I . ~ ~  I 
Oigmnlmm ID Concanbmllon 1 2 3 I 5 6 7 Tox. Molhod Young Tox. Method 

(%I Producmd 

... ... ... ... cerlodqphnla hlld .. IM im im IM iw IM im 22 
dubla 

nnsl Ernurn 8.25 100 100 00 Bo 70 60 60 No lnspdlon 15 No Inspctlan' 
Inspecbon 
Inspodan No . 12 5 IM 1~ 100 im icm 00 00 No lnspedkn 23 

26 loo IM ?M im im 70 70 , No Inspectbn i a  No 
50 i w  im im io0 o o o Yes lnspectbn NIA NIA NIA 
100 1w IM loo 0 0 0 0 Yes lnspectlon NIA NIA NIA 

flndlng: NOEC I 25% EMuenl Connnbmllon, 
LOEC I 60% EMuonl ConnnbmIIon. 
ChV I 35.4% EMuenl Conmnhallon, 
EC, = 29% EMuent Concenb8llon, 
lonlclty 

S u ~ k d  Data Anslqsls Giowlh Data Anatpb 

10.1 Smmplm T e ~ t  % Su~lVml by Days Avelmgm WL 
Oinmnlrm ID Concenbmllon 1 2 3 4 6 6 7 lox. Melhod parLarvaa lox. Malhod 

(XI (mol 
... ... ... ... ... Falheod h l m l  100 1Ml 07 97 07 07 07 0 45 

M h w  
Flnal EMuenl 6 25 1M 1M 100 100 1M 100 1w No Inspealon 0 52 No InspecUon 

125 07 09 07 93 03 03 03 No Incpecllon 0 52 No InspcUon 
25 IM im im io0 i w  im im NO lnspdbn 0.43 No InspectJon 
50 1M 1M 1M 03 03 03 03 No ln6peUbn 0 52 No InsperAlan 
1M 1M 1M 07 03 03 00 00 No lnrpedbn 0 46 No lnspectlon 

Flndlng: HOEC % 100% EMuenl Concmtdlon, 
LOEC w 10~1% EHluenl Concanhallon, 
ChV I 1w% Emuonl Conmnhallon. 
EC, > 1wx Emuent Conmnbatlon, 
No Toxlcllq 
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Blackstone River Surrey 
Woonsocket FWW, Wmnsocket, RI 

CHEYICAL AWYSIS OF TOXICITY S.-zMpLEs 
24-hr time-composite samples 

AN.%YTICAL RESULTS 
(mg/l unless othem-ise noted) 

Collection Dates 
P- 06/17/91 06/19/91 06/21/91 08/05/91 08/07/91 08/09/91 

0.20 

ND 

23 

ND 

0.085 

0.004 

3.0 

ND 

0.039 

20 

540 

15 

28 

130 

0.15 

0.005 

17 

m 
0.043 

0.005 

2.5 

0.01 

0.092 

14 

870 

10 

40 

130 

0.22 

0.004 

18 

hi 

0.065 

0.009 

3.3 

0.01 

0.106 

15 

900 

32 

54 

150 

0.15 

<0.0030 

20 

<0.0030 

0.044 

0.0090 

3.7 

0.0065 

0.097 

13 

450 

58 

18 

92 

0.20 

0.0059 

18 

0.015 

0.075 

0.015 

3.3 

0.030 

0.140 

7.5 

890 

37 

44 

110 

0.13 

0.0038 

19 

0.0086 

0.52 

0.0089 

3.4 

0.0089 

0.16 

7.9 

830 

24 

34 

120 

Xotes: hD= Below rninirnm detectable level 

D= Sample Duplicate A&.= Alkalinity 

TS= Total Solids TSS= Total Suspnsed Solids 

Tot= Tota l  Organic CarbDnS 
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E d w d  G. Force. Ph.D.. P.E. John S. Tapp. Ph.D., PIE.. L.S. 

COMMONWEALTH TECHNOLOGY, INC. JUL 1 8  1991 
trrironmrnld and Na1-1 R r r o w  Conru/ri*r end AdyIicol S m i c u  

Grayran. Kcntucky Lexington. Krnrucky Louisville. Kmrucky 

BlOMONlTORlNG JOB NO: 4006EPA 4095 - Chronic Study 

O K b d I  E SAS 1109 

I. INTRODUCTION 4SKiaA , I C  

Facility: Region I NPDES Permit No: N/A 

Contact: Ms. Cindy Schreyer Phone No: (703) 5141386 

Receiving Stream: WA Contact: Billie Rogers 

Laboratory: Commonweath Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Rnal Effluent 
Collection Dates and Times: 06/17/91/11:45AM; 06/19/91/11:2OAM; 06/21/91/11:20AM 
Collection Method: 24 flour Carnpcste 
Physical and Chemical Daw See Attached Data Sheet in Aqpendx A 

The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Append= A 

2. Dilution Water 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating the ChronicToxicity of Effluents and  Receiving Waters 
to Freshwater Organisms' EPN600/4-89/001. 

Deviations from methods, if any, and explanation: After warming the samples to 25°C the samples with 
dissolved oxygen (D.O.) readings greater than 100 percent saturation were aerated slowly until D.O. was 
less than 1WA. The samples were dechlorinated with sodium thiosutfate because their chlorine 
concentration was >0.02 mgll. 

Date and Time Test Started: 06/18/91 (2:OOPM); 06/18/91 (2:30PM) 
Date and Time Test Terminated: C6/26/91 (2:15PM); 06/25/91 (3:OOPM) 
Test,Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature, 25'2 1°C 

. 

..-. . . . .. - . _ .  . ._ . -  .. . ~.. .- - 
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TABLE 1 
SUMMARY OF TEST WNDlTlONS FOR CHRONIC TOXlCRY TEST 

MEWOD: EPA 6#'48syO01 

CIrlOdsphnls dubb Plmophalos prvmslss 
Method: 1M2.0 Method. 1OW.O 

1. T.rt Type: Static-Renewal Static-Renewal 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

TOmpsntu~:  

Ught Quallty: 

Ught Intensity: 

Photoperiod: 

Te& Chamber Slze: 

Test Solutlon Volume: 

Renewal of Tast C o n m m  

Age of Test Organism: 

No. of lest Organkms per Chamber: 

No. of Replluts Clurnbers per Concentration: 

Feeding Rsgirna: 

Asdon: 

Diiutlon Water: 

Effluent bngnh;ltkm: 

Tan Duration: 
. .  

We& Waasured: 

Te& ACCepQblllty: 

25' i 1'C 

Ambient bbratoly 
Wurnidm (cod 
Mae) 

npptor 100 ftc 

8 hrs. dark, 16 hn. 
light 

30 mLs 

15 mllrepiicate 

Daw 

Less than 24 hours 

1 

10 

Fed YCT beast suspension) 
& Selenannnn minuium 
(algae) rvspens'on &ib. 

Saqles  with D.O. greater 
1 DDSL saturation were 

aerated 

ReconstrM . edwater(1PA 
Penier W8r) 

1oO.A. W A ,  25%. 12.5%, 
625% 

7 days or until 6oDA ofthe 
the amtrol females have 3 
brads  

~ o o k  or greater survival 
in the m?nl amcentration 

25' * 1% 

&r&ienl labcratory 
IllUmhratiCn (0x1 
whb) 

Appro% 100 ft-c 

8 hrs. dark. 16 hn 
light 

270 ml 

203 mllreplicate 

m b  
1-2 days 

10 

3 

Fed brine shrimp nauplii 
h a concentrated suspension 
twice daiv. 

Samples witk D.O. greater 
than 1XEA sahrration were 
aerated 

R e c m s w u i  . edwater (1PA 
Perrier water) 

l W A ,  50%, 25%, 12.5%. 
625% 

7dap 

S U M  end G r M  

80% or greater suwival 
h the sontrot concentration 

.I 
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N. TEST ORGANISMS 

Name: Ceriodaphnia dubia; Pimephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ute Stage: Neonate; Jwenile 

. Mean Length and Weight (if applicable): NIA 

V. Q U A U N  ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 06/12191 (530PM) 
Pimephales promelas OWW91 (3:30PM) 

Dilution Water Used: Reconstituted Water, 10% Perrier Water 

Results: Ceriodaphnia dubia - LC, (48 hrs) = 2846 mgl NaCl 
Pimephales promelas - LC, (96 hrs) = 6295 mgiL NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

Sfate Permit Limitt. NIA; NOEL: N/A 

Test Resuits: No toxicrty was indicated with the Cericdaphnia dubia or the fathead minnow. The NOEC 
for both the Ceriodaphnia dubia and the fathead minnow was >lOG% effluent concentration. The LOEC. 
EC,, and the Chronic Values are presented in Table 2 

Data Tables and Analysis: Presented in Table 2 

lndicste Statistical Methods Us&: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Appendk A. 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 
SAMPLES COLLECTED JUNE 17, 19, and 21,1991 

EPA NO: 4095 
' SUNbd  Dab h + l S  Rapmduclbn Dela Anr&pln 

T.81 Sampla, Tad X SuwIvaI by Day. Avaraga I 

(%) Producad 
Organlam 10 Concanballon 1 2 3 4 5 6 7 8 Tox. Malhod Young Tow. Halhod 

... ... ... cerlodqphnla conlml ... 100 1w 1w 00 90 90 90 90 ... 25 
dubla 

And EMuenl 6.25 1CWlW 1M 80 EO EO 80 EO No Flehstr 17 No Inepectlon 
12 5 100 1M 1M 100 70 60 60 60 No Rshetr 18 No Inspealon 
25 iw iw iw iw BO no 80 70 No lnspedon 16 No Inapedon 
50 100 1w 103 1w e9 89 89 50 NO Flshsll 19 No lnspectbn 
100 1W 1M 1W 100 80 80 80 70 No lnapedon 32 No Dunnen'm 

flndlng: NOEC > looX Emuanl Concanballon, 
LDEC > IWX Efnwnl Concanballon, 
ChV I loon Emuenl Connnbrllon, 
EC,, l w X  Emuanl Concanballon, 
No Toxlclty 

Survfvd Onla Andyele Omwlh Data Analyeb 

Tall (i.mplr Tam1 X SuN1vaI by Days Avaraga WI. 
Organlam 10 cornenbatton I 2 3 4 6 6 7 Tox. Malhod p r L . W D *  TOX. MOlhod 

1%) (mg) 

... ... ... ... Felhesd COnbol ... 100 lw 97 93 93 00 90 0.51 
Mlnnow 

And EMwnl 8.25 97 93 00 00 83 83 83 No Dunnetla 0.49 No Dunnett's 
12 5 1w 97 97 97 97 93 93 No DunneWa 0.44 No D u on a tt' s 
25 100 100 100 100 1M 03 93 NO ounnetra 0.46 No DwnaWs 
50 07 03 90 00 00 BO 90 No Dunnatt'a 0.51 No Dwnett'a 
1w 97 03 93 93 90 90 BO No OunnWa 0.46 No DunnaWs 

Flndlng: NOEC > 100% Emuenl Concanballon. 
LOEC > IMX Emuenl Connnbmllon, 
chv . 100% Emuant concanballon, 
EC, > 100% Emuant Concanballon, 
No Toxlclty 
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Blackstone River Survey 

Okonitiz Industries, Ashbn. RI 

cHE?ICAL AN;1LYSIS OF TOXICITY SAMPLES 
24-hr tiw-composite samples 

ANALYTICAL RESULTS 
(mg/l unless otherwise noted) 

Collection Dates 
PARWETES 06/17/91 06/19/91 06/21/91 

Al 

cd 

ca 

Cr 

cu 

Pb 

& 

Ni 

zn 

N-NH4 

Ts 

TSS 

Tcc 

Alk.(as cacoj) 

0.08 

ND 

14 

0. 007 

0.018 

ND 

2.8 

ND 

0.058 

ND 

200 

ND 

15 

34 

0.04 

ND 

13 

m 
0.015 

0.002 

2.8 

ND 

0.073 

ND 

150 

ND 

2.2 

44 

0.10 

m 
12 

ND 

0.020 

0.010 

2.3 

ND 

0.108 

hl, 

140 

ND 

2.7 

28 

m s :  D= Sam€ ! Duplicate 

TS- T o t a l  Solids 

>tlS 

ND: B e l o w  minimum detectable level TSS= T o t a l  Suspensed Solids 

TCC= Tota l  Organic &I 

Alk.= Alkalinity 
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Edward G. Fore, Ph.D.. P.E. 
I 

John S. Tapp. Ph.D.. P.E.. L.S. 

kxington. Kcntucky Lnuirvillc. Kcnrucky Grayron, Kcniucky 

BIOMONITORING JOB NO: 4P06EPA 4C% - Chronic Study 
SAS 1109 

4% - 00!4 
-, cr 

1. INTRODUCTION 

Facility: Region I 

Contact: Ms. Cindy Schreyer Phone No: (703) 519-1386 

Receiving Stream: NIA Contact. Billie Rogers 

hboratory: Commonwealth Technology Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 

NPDES Permit No: NIA 

(606) 276-3506 

II. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and limes: 06/17/91/2:00PM; 0611 9/91/12:30AM; 06121/91/12:30~ 
Cotlection Method: 24 Hour Composite 
Physical and Chemical Data. See Attached Data Sheet in Append= A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard reconstituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendk A. 

111. TEST METHODS 

Test Method: 'Short-Term Methods for Estimating the ChronicToxicrty of Effluents and Receiving Waters 
to Freshwater Organisms' EPN60014-89/001. 

Deviations from methods, tf any, and explanation: After warming the samples to 25°C the samples with 
dissolved oxygen (D.O.) readings greater than 100 percent saturation were aerated slowly until D.O. was 
less than 104%. 

Date and Time Test Started: 06/18/91 (2M)PM); 06/18/91 (ZWPM) 
Date and Time Test Termlnated: W26131 (9:50AM): 06/25/91 (2:15PMJ 
Test Chambers: Refer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber. Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature. 25" i 1'C 



1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

1 6. 

1 7. 

18. 

TABLE 1 
S U M M Y  OF TEST CONDmONS FOR CHRONIC TC-X IT l  

METHOD.- EPA 6LW/4-8SYoOl 
TEST 

Carkdsphnla dubh Plmaphalas promalas 
Method: 1WZ.O yaw 1000.0 

Static-Renewal ' Static-Renewal Test Type: 

IJght Intensky: 

Phomperlod: 

Tsst Chamber Slza: 

T& Solutlon Volume 

Renewal of Test ConcmtraUims 

Age of Tost Organism: 

No. of T e n  Organisms per Chamber 

No. of R e p l l ~ s  Chambers par CMlcentraUon: 

Feeding Regime: 

AeratJon: 

Tast Durstlon: 

Effect3 Me-ssursd: 

Tost Acmptablllty: 

25' 2 1% 

Ambient takafatory 
iUurnination (mol 
rrhite) 

Appro% 1cQ fl-c 

8 hn. dark. 16 hrs. 
light 

3omk 

15 mVreplicate 

Daiiy 

L e s s  than 24 hours 

1 

10 

Fed YCT b d  swpens'on) 

(algae) suspension daiiy. 

Sanyles with D.O. greater 
than 100% saturaticn were 
aerated 

ReWdktUl ' edrmter (10% 
Pen& H e r )  

100%. !X%, 25%. 12.5%. 
625% 

7days or until 60% of 
the mntrol female6 have 3 
broods 

8 Seki7aStrUm II lhUfUt l l  

SUNival and ReprodUctrn 

80% or grater su~ iva l  
h the mntrol concentration 

25.2 1- 

Ambient laboratory 
Illumination (mol 
M e )  

Appro% 100 R z  

8 h. dark, 16 hrs. 
light 

270ml . 

2 M  mVrepiicate 

- 

Miy 

1-2 days 

10 

3 

Fed brine shrimp nauplii 
h a mncentrated suspensioo 
M'ce aiy. - 
Samples with 0.0. greater 
man IO?,, saturatkn were 
aerated. 

ReeDnshrt ' edwater (10% 
Penier water) 

l W A ,  50%. 25%. 12.5%. 
6.25% 

7hYs 

SUNW and G r M  

80% or greater suw'wal 
in the m t r o i  mncentration 
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N. TEST ORGANISMS 

Name: Cericdaphnia dubia; Pimephales promelas 

Age: Less than 24 hours; 2 days 

Source: Stock N; Stock F 

Ufe Stage: Neonate; Juvenile 

Mean Length and Weight (if applicable): N/A 

V. QUAUrY ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of Most Recent Test: 

Ceriodaphnia dubia 06/12/91 (530PM) 
Pirnephales promelas 06/22J91 (330PM) 

Dilution Water Used: Reconstituted Water, 1077 Perrier Water 

Results: Ceriodaphnia dubia - LC, (48 hrs) = 2846 mgA NaU 
Pimephales promelas - LC, (96 hrs) = 6295 m g h  NaCl 

Results are in acceptable range as determined by laboratoty’s testing program. 

VI. RESULTS 

State Permit Limits: NIA; NOEL: N/A 

Test Results: Toxicity was indicated with the Ceriodaphnia dubia and the fathead minnow. The NOEC 
for the Ceridaphnia dubia was 6.25% effluent concentration. The NOEC for the fathead minnow was 
125% effluent concentration. The LOEC, EC,. and the Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

indicate Statistical Methods Used: Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in Append= A 



TABLE 2 

SUMMARY OF CHRONIC BIOMONITORING RESULTS 
SAMPLES COLLECTED JUNE 17,19, and 21,1991 

EPA NO: 4096 

lest Semple Te.1 

(%I 
Orgnnlsm ID Conconballon 

Cmfmi~nl.3 contmt ... 
dubrd 

flnsl EMuenl 8.25 
12.5 
25 
60 

100 

flndlng: NOEC I 625% EMuenl Conmnbnllon, 
LOEC I) 11.5% Emuent Concenhnllon, 
ChV 0.8% Emuenl Concenhrlton, 
EC, I 18% Emuent Conconirrllon. 
ToxlcMy 

1w loo 1w 90 90 90 90 eo 

90 90 80 90 BO 80 BO 80 
1w 1w 100 1w BO 90 eo 80 
100 50 40 40 40 40 40 40 
30 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0  

RapmduDllon Dab Andyda 

Average I Melhod YoungTox.W 
lox. 
Produced 

... ... ... ... 37 

No lnspecllon 34 No InrpecUon 
No Inspealon 17 Yes lnspedlon 
Yes Flshete NIA NIA NIA 
Yes lnspecllon NIA NIA NIA 
Yes Inspenion NIA NIA NIA 

11.1 SImplr 1.M X Survlvnl by Onys Averng. Wl. 
Orgnnlsm ID Concrnbrllon 1 2 3 4 6 0 7 lox. Melhod per hwne Tox. llelhod 

(XI (me1 
Felhead COnlrnl 1M) 1W 91 93 93 90 00 0.51 
M l m w  

... ... ... ... ... 
Flnal EMuenI e.25 100 93 03 03 93 90 90 No InspecNan 0.40 No DunnM's 

123 93 93 83 03 93 93 80 No lnapeclion 0.31 No DunneAa 
25 37 21 13 13 13 7 7 Yea lnspecllon NIA NIA NIA 
50 0 0 0 0 0 0 0  Yes tnspscllon NIA NIA NIA 
im 0 0 0 0 0 0 0  Yea Inspealon NIA NIA NIA 

Flndlnp: NOEC I 11.8% Emuenl Conmnbnllon. 
LOEC - 15% Emuml Conconbailon, 
ChV = 17.7% Emuen! Concenbsllon, 
EC, = 17% Emuenl Concenbnllon. 
Toxlclty 

I 

' .  
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m c A L  AN&YSIS OF 
24-hr time-composite 

cmtfall: 

Blackstone River Survey 
GI'E, Central Falls, RI 

TOSICITY SAWLES 
samples 

ANALYTICAL RESULTS 
(mg/l unless otherwise noted) 

Collection Dates 

cutfall O O l A  Gutfall 00x3 
PATumlEa 06/17/91 06/19/91 06/21/91 06/17/91 06/19/91 06/21/91 

Al 

cd 

Ca 

C r  

cu 

Pb 

I% 

Ni 

zn 
K-hH4 

Ts 

TSS 

Mc 

Alk. (as Cacoj I 

0.68 

h i  

140 

0.069 

0.028 

0.004 

0.28 

hD 

No 

190 

3,100 

43 

33 

46 

0.53 

MI 

40 

0.073 

0.008 

0.012 

0.10 

h i  

0,009 

110 

2,900 

10 

38 

72 

1.2 

h i  

42 

0.238 

0.028 

0.008 

0.450 

ND 

0.073 

280 

4,500 

120 

30 

90 

KOTES: D= Sample Wlicate 

Ts= Total Solids 

h?): B e l o w  minimum detectable level 

TCC= Total Organic Carbons 

Alk.= Alkalinity 

TSS= Total Suspense3 Solids 

0.08 

hD 

7.6 

0.005 

ND 

0.012 

1 .5  

hD 

0.162 

h i  

330 

6.8 

8.4 

18 

0.10 

hD 

7.6 

ND 

ND 

0.046 

1.5 

h i  

0.169 

hD 

110 

9.0 

5.5  

19 

0.08 

hD 

7.4 

hD 

ND 

0.032 

1.6 

h i  

0.185 

t%D 

110 

13 

4.0 

19 
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COMMONWEALTH TECHNOLOGY, INC. juL 1 8  1991 
Lnvimnmennmi and Norum/ R-urccr Combing mnd Amdylical Sm'irr 

Ltxinglon, Kentucky Louisville. Kentucky Grayson. Kcntucky 

EIOMONITORING JOB NO: 4006EPA 4097 - Chronic Studv 
SAS 1109 

&jz - O O / d  

1. INTRODUCTION cIJnzA2 m U S , R L  
Facility: Region I NPDES Permit No: NIA 

Contact: Ms. Cindy Schreyer Phone No: (7L33) 519-1386 

Receiving Stream: N/A Contact: Billie Rogers 

Laboratory: Cmmonweahh Technology, Inc. 
2520 Regency Road 
Lexington, Kentucky 40503-2961 
(606) 276-35E 

11. SAMPLES (EFFLUENT AND DILUTION WATER) 

1. Effluent 
Sample Point: Final Effluent 
Collection Dates and Times: 06/17/91/3:30PM; 06/19/91/1:40PM; 06121/9111:40PM 
Collection Method: 24 Hour Composite 
Physical and Chemical Data: See Attached Data Sheet in Appendix A 

2. Dilution Water 
The water used for dilutions and control was a moderately hard recondituted water adjusted to pH 7.8. 
The physical and chemical data of the dilution water is reported in Appendb: A. 

111. TEST METHODS 

Test Method: 'Short-Ten Methods for Estimating th: ChronicToxicity of Effluents and Receiving Waters 
to Freshwater Organisms' EPA/600/4-89/001. 

Deviations from methods, If any, and explanation: After warming the samples to 25% Me samples with 
dissolved oxygen (D.O.) readings greater than 100 percent saturation were aerated slowly until D.O. was 
less than loo"% 

Date and Time Test Started: 06/18/91 (3:DoPM); 06/18/91 (430PM) 
Date and Time Test Terminated: 06/26/91 (3:lOPM); 06/25/91 (5:WPM) 
Test Chambers: Rafer to Table 1 
Volume used per Chamber: Refer to Table 1 
Number of Organisms per Chamber: Refer Table 1 
Number of Replicates per Concentrations: Refer to Table 1 
Acclimation of Organisms: Refer to Table 1 
Test Temperature (mean and range): Cultured at test temperature, 25" 2 1°C 
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I TABLE I 
SUMMARY OF TEST CONDITIONS FOR CHRONIC TOxIcrry EST 

MHHOD: EPA W485yOO1 

I 
I 

Cwlodsphnla dubb Plmephnles pmrndns 
Method: 1002.0 Method: 1000.0 

1. Tatt Type: Static-Renewal %tic-Renewal 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

1 2  

13. 

14. 

15. 

16. 

17. 

18. 

Tempsrstum: 

ught ouatfty: 

Light Intensky: 

Photoperiod: 

Test Chamber Slze: 

Tost Solution Volume: 

Reneml of Tost Conwntrrtlom: 

Age of Tart Organism: 

No. of T M  Organlsms par Chambec 

No. of R e p l l ~  Chamberr par ConwnbatlOn: 

Feeding Reglme: 

Aaratlon: 

Dllution Water: 

Effluent Conwnbatlons: 

Test Duration: 

Effeck Moosurd. 

Tart Acmptabllily: 

25' 2 1'C 

mi& lsboratory 
arumiMtion (cool 
white) 

Approx 1 w ft-c 
8 hrs. dark. 16 hrs. 
Gght 

30 mls 

15 mUrepiicafe 

Daib 

LSIS than 24 burs 

1 

10 

Fed YCT (yead SuSpens'Cn) 
& Se ledrurn  minutum 
(algae) suspension daib. 

Sarrql~~ with 0.0. greater 
man 1 OODb saturabn were 
aerated. 
RemnstiMed water (lG% 
Perrier water) 

lW%, 50%. 25%. 12.5%. 
625% 

7&ys or untii 60% of 
the control females have 3 
broods 

S U M  ard Reproducticn 

Bcpb or greater survival 
in the control concenb'atm 

25' 1% 

Ambient Laboratory 
Ulurninaticn (cool 
whie) 

Appro% 100 n-c 

8 hrs. dark, 16 hrs. 
light 

2 M m l  . 

2w mVrepiiie 

1-2 days 

10 

3 

Fed brine shrimp nauplii 
h a mcenb'ated suspeension 
twice daiiy. 

Samples v*im 0.0. greater 
than 1 W b  saturafion were 
aerated. 
Reconsmut ' edmUer(1WA 
Perrier water) 

l W C ,  54%. 25%. 12.5%, 
625% 

7-Ys 

Survival and Growth 

W A  or greater survival 
h the control omcentration 
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N. TEST ORGANISMS 

Name: Cericdaphnia dubia; Pimephales promelas 

Age: Less than 24 hwrs; 2 days 

Source: Stock N; Stock F 

Life Stage: Neonate; Jwenile 

Mean Length and Weight (if applicable): N/A 

V. QUALITY ASSURANCE 

Standard Toxicant: Sodium Chloride 

Date and Time of M o d  Recent Test: 

Ceriodaphnia dubia 06/12/91 (5:30PM) 
Pimephales promelas 06/22/91 (3:30PM) 

Dilution Water Used: Reconstituted Water, 10% Perrier Water 

Results: Ceriodaphnia dubia - LC, (48 hrs) = 2846 mgl NaCl 
Pirnephales promelas - LC, (96 hrs) = 6295 mgA NaCl 

Results are in acceptable range as determined by laboratory's testing program. 

VI. RESULTS 

;We Permit Limits: N/A; NOEL: N/A 

Test Results: ToxicQ was indicated wkh the Ceriodaphnia dubia and the fathead minnow. The NOEC 
for both the Ceriodaphnia dubia and fathead minnow was 50% effluent concentration. The LOEC, EC,, 
and the Chronic Values are presented in Table 2. 

Data Tables and Analysis: Presented in Table 2 

Indicate Statistical Methods U s e  Presented in Table 2 

Raw Data: Bench Sheet Data is Presented in AppendKA. 



TABLE 2 

SUMMARY OF CHRONIC BlOMONlTORlNG RESULTS 
SAMPLES COLLECTED JUNE 17, 19, and 21, 1991 

EPA NO: 4097 

Ta.1 Smmpla Tad % Survlval by Dmys Awrmge I 
0 r g m n I rn ID Cancsntrmllon 1 2 3 k 6 8 7 8 Ton. Melhod Young lox. Melhod 

Prodund 

... ... ... ... ... Cerlod+phnla Conlml 1w 1w 80 80 80 80 80 80 18 
dubla 

Flnd EMuenl 6.25 1w 1w 1w la, 100 100 80 80 No lnapectlon 18 No Ins pad lo n 
12 5 1w 1w 1w 100 1w 1w 1w 100 No lnipecllon 16 No lnrpecllon 
25 100 i w  i w  i w  i w  i w  100 im No lnapeclbn 16 No lnapedlon 
50 im i w  i w  go w 90 go 90 No lnapecllon 22 No Inepedlon 
1M 100 103 Bo BO 00 70 60 50 No Flaheh 5 Yes lnspecllon 

Flndlng: NOEC . 50% Emuanl Connnbmllon, 
LOEC = I W X  Emumnl Connnballon. 
ChV I 70.7% Emuenl Connnballon, 
EC, m 100% Enlumnt Concanhallon, 
Toxlclly 

Survlvnl Dsln Andpls GrDwth Dola Andyslr 

Ted Sarnpla Ted % Survlval by Dmys Awlage w. 
Orgmnlmm ID Cannntrallon 1 2 3 k 6 6 7 lox. Malhod prbrvme Ton. Mnlhod 

6) (msl 
... ... ... ... ... Fathead Conhol 100 1w 97 97 97 97 93 0.44 

Mlnnow 
Flnd Efluanl 6.25 87 97 93 93 03 93 90 No DunneRs 0.44 No DunneRr 

12.5 87 97 97 93 w 90 87 No Dunnnlrc 0.47 No DunneWs 
25 97 87 07 07 07 87 07 0.48 No DlnnwlB 
50 80 77 73 73. 73 73 73 No DunneR, 0.35 No DunneWc 
loo 67 17 10 10 10 10 10 Yea DunneUe NIA NIA NIA 

No DunneRe 

Flndlng: NOEC . 60% Enluenl Connnbnllan, 
LOEC = 1w% Emuenl Connnbmllon, 
ChV . 70.7% Emuenl Coneanbmllon. 
EC, * 64% Emuanl Concenballon, 
Toxlelly ' 
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INTRODUCTION 

This report is a compilation of the data collected for 
the Blackstone River Dry Weather Study, 1991. The study was 
designed to conduct a monitoring program for the Blackstone 
River, it's major tributaries and the major point sources 
discharging directly into the river. The data collected in 
this study will be used to calibrate and validate steady 
state models for dissolved oxygen (QUAL-2E) and trace metals 
(PAWTOXIC). 

BLACKSTONE RIVER SAMPLING PROGRM: 

The Blackstone River study consisted of three synoptic 
surveys for water quality and biological studies. The study 
was conducted cooperatively by the United States 
Environmental Protection Agency (USEPA), the Massachusetts 
Department of Environmental Protection (MADEP), Narragansett 
Bay Project (NBP), Rhode Island Department of Environmental 
Management (RIDEM) and the Department of Civil Engineering 
at the University of Rhode Island (WE). 

analysis. These included fifteen stations along the 
mainstem of the river and six major tributaries. Table 1 
indicates the sampling locations for the study. Two of the 
largest point sources were sampled, namely, the Upper 
Blackstone Water Pollution Abatement District (UBWPAD) 
facility and the Woonsocket Waste Water Treatment Facility 

Twenty one water quality stations were selected for 

( W F )  * 

SAMPLE CONSTITUENTS AND FREQUENCY 

The water quality sampling for each of the surveys was 
divided into two parts. The first part was the sampling of 
the point sources by the U.S. EPA. This phase consisted of 
collecting a 2 4  hour composite sample f o r  each of the 5 days 
prior to the three synoptic surveys. The samples were 
transported to the Environmental Engineering laboratories at 
CVE . 
The water quality sampling crews recorded field measurements 
for dissolved oxygen ( W ) ,  temperature, and pH over a 4 8  
hour period at six hour intervals. Water quality samples 
were taken during the first 24 hours of sampling. Table 2 
lists the sampling frequency and the constituents analyzed 
for water quality. All water samples were transported to 
the Woonsocket WWTF for processing by CVE personnel. 

The second phase was the river water quality sampling. 

DATA ORGANIZATION 

The presentation of the data in this report occurs in 
two forms. The first is tabular, listing the concentration 
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of the constituent(s) for each sampling run. The second is 
graphical, indicating the spatial variation of the 
constituent(s) concentration. Plots illustrating the 
temporal variation of DO f o r  the twenty one stations are 
also presented. 
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I 
I 
1 
I 
I 
I 
I 

7 

G OBSERVED D O  i 

i 
\ 
01 1 2  E 

10 
v 

z w 

I 1 I 1 I i I i I I 

- 
1 
1 ~~ 

- 



I 
I 
I 
D 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
1 
1 
I 
I 

B LAC KST 0 NE RIi-E I? 
STATIO% 12 

. I  * ,  , 1 

DO CRITERIA - 
SATURATION D O  ! JULY 10-11, 1991 4 t  

3 OBSERVED D O  1 : 

c 4 8 12 1 6  20 20 28 5 2  36 sc 44 de 
0 2 1  1 I , , I I ! 

14 I I I I 1 , I , I I I 
i 
2 

4 1  DO CRITERIA 2 

2 L  1 AUGUST 14-15, 1991 SATURATION D O  1 
0 OBSERVED D O  1 

01 I I I 1 I I I I 
0 4 8 12 16  2 0  24 28 32 36 40 44 48 

! ' 2  t 7 

1, DO CRITERIA I 
4 ,- 

2 ;  OCTOBER 2-3, 1 9 9 1  SATURATION DO 

0 
0 OBSERVED D O  

I I I I I I 1 1 1 I 

0 4 8 12 IS 20 24 28 32 36 40 44 48 

TIME (HOURS) 



ST.\TION 13 
. .  

i 
- -  - 

,- 1 -  ' - :--> - \ 
~ - - L 

L i '  - y 8 1  c 

b.. 
X =: 

y DO CRITERIA - 1 JULY 10-11, 1991 
2 1  

E 1 C OBSERVED DO 2 0 ' .  ' 

j 

0 ........................................................................................................................................................ ~.,, l  - 1 
i - 

SATURATION D O i  

1 

0 4 a li i 6  20 2 4  28 32 36 40 46 45 
h 1 4  I I I , 

I 
i 
7 

Z J 

0 s c  

v 

w 
b 
X 

i 

\ 

E 
12 

v 

............................................................. - 1 

SATURATION D O  i 
2 ....................................................................................................... 

I. ... 
4 DO CRITERIA 

AUGUST 11-15, 1991 
0 OBSERVED DO - i - 2 t  

0 0 1  I I I 1 , I I 1 , 
0 4 8 12 16 20 24 28 32 36 A 0  L4 48 

I I I 1 I I 1 I I I 1 
~ 

- 

I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 



I 
I 
I 
I 
I 
I 
I 
1 
I 
8 
1 
1 
I 
I 
I 
1 
0 
I 
I 

0 OBSERVED DO I 

z 
L. 

X 
3 
Y 

c3 
iu > 

i 

c" 
\ 

E 
v 

2 
W 
(2 
t 
x 
0 

~ ................. .................. ~ .... ~ .............. .... ~~.~ ................ ... ~ ............... ~. ... , ......... .~ . . .I 1 ....... ~~ ............ ~ . . . ~  ........... . 

DO CRITERIA i 4 c  

7 SATURATION D O  ~ 

JULY 10-11, 1991 
- 1  0 OBSERVED D O  ? i 
0 1  I I I I I 

i 4  I I I I I 1 , 
3 4 8 12 16 20 2 4  28 32 36 40  3.1 45 

1 

12 - r 
10 1 i 

i DO CRITERIA 
OCTOBER 2-3, 1991 SATURATION DO 

0 OBSERVED DO 
h i ;  d l  I 1 I I I I , I 

0 4 8 12 16 20 24 28 32 36 40 44 A 8  

TIME ( H O U R S )  



? 

I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 

i 

3 OBSERVED D O  ! 

E 3 OBSERVED DO 



I 
II 
I 
I 
I 
1 
I 
1 
a 
I 
I 
1 
I 
I 
1 
8 
I 
I 
I 

k r i  A 

A /\' . . . ~ ~  ....... . ~. U'. -, ~1 ... ... .. ~~~ ...... ... ...... ~ .......... ~ 

1 D O  CRITERIA 
JULY 10-11, 1991 SATURATION D O  ~ 

? 

01 0 OBSERVED DO 1 
c G '  

.r 
L'i 2 1 
,s - 
i 

L L  - 
,7 v - 

I i I I I I 1 I ~ 

- 
0 4 5 12 16 20 24 25 32 36 43 SC 45 - ! 4  

\ 
i I I , I I 

I 
; 51 - 
I - 

c :,I 8 y  - I 

-1  - 2 '  3 o '  

- L i 
v 

z 
!J 

* 
X I P 
0 6r LJ h r- 0- - 

---% .'' 
L, v , ........ ...... ~~ ........ .... ~ ........... ~ . .  ~~ ..... . ~ ,.,,.,... ~..%.~ .. .~ ........... . .. .........,.. ~ ~ ..... ~ . . ~  ........ . 7 - 

DO CRITERIA 7 $ 4 [ AUGUST 14-15. 1 9 9 1  SATURATION DO I 
0 OBSERVED DO .I E 

i 

i? 

0 01 I 1 1 I I I I I I I 
0 4 8 12 16 20 24 28 32 36 40 d4 4Z 

3 1 4 ,  I I I I i , I I I 1 I 

\ 
F :2 1 

1 
DO CRITERIA I ............ .................. - ................. - ........................................ ~ ............................................................................................. 

4 

'3 -, 
i;r L 
Lr, - 0 OBSERVED DO 
m c  I I I I ! i I I 

OCTOBER 2-3 ,  1991 SATURATIOY DO 

- 
v 

z w 
t- 
X 

0 

3 8  

'5 O 6i 
3 4 8 12 16 20 24 25 32 36 40 44 43 

TIME ( H O U R S )  



BLACKSTONE RIVER 
STATION 17 

3 
0 m 2 -  
Lc - 

JULY 10-11. 1991 SATURATION D O  I 

0 OBSERVED DO - 
I I I 

- 
z 

- 
0 

DO CRITERIA i 

i 
SATURATION DO AUGUST 14-15, 1991 

0 OBSERVED DO - 
I I I I I I I I I I I 

0 4 8 12 16 20 24 28 32 36 40 44 43 

E 
I I I I I I I I 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
IE 
I 
I 
I 
I 



I 
1 
I 
1 
1 
1 
I 
1 
I 
I 
I 
1 
1 
I 

I 
I 
c 
I 

1 
\ 
01 “2 E 
v 

i .......... - .... ~~ ...... ~ ................................... ~ ......... ~ ................... .~ ..............._ ~ ....... ........................... ~ . . ~ . . . ~ ~  ,............... ...... ~ ,.. 

DO CRITERIA 1 
2 4 !  

- m l  
SATURATIOX D O  1 

0 OBSERVED DO i 
JULY 10-11, 1991 ? 

- 5 2 L  
‘ir 
a 0  I I , I ! I I I 

0 4 8 12 1 6  20 24  28 32 36 LO 44 .e 

I 1 I I I I I I j 

- 
I 

, 
E - .,- 

i d  
Z 

I 
1 

TIME (HOURS) 



B LACKS'TO _U E R1L-E R 
STATIOY 19 

q c - - ~ - $ - ~ - - z  - 1 

6l 
2 t  ! 

- 
~~ ...... ~ ............ ~ .................... ~ .... ...................... ~ ............................. ~ .............................. ~ ................. ..... ~~ ................. .. .. 

1 4 DO CRITERIA 
JULY 10-11. 1991 SATURATION D O 4  

0 OBSERVED DO 
G I  I I , I 1 

0 4 8 12 16 20 24 28 32 36 40 44 ^5 
'4 I I i I I I i I 1 

I 
I - 

l 2  t 

DO CRITERIA i 
SATURATIOK D O  I 

0 OBSERVED DO , 
1 1 1 I I I i I I 

- AUGUST 14-15, 1991 
2 -  

c 
0 4 a 1 2  1 6  20 24 2a 32 36 40 43 i a  

I I I "  I I I I I I 1 i I 14 
I 

A 
I 12 /- 

I 

~ ..... 1 
4 DO CRITERIA 

OCTOBER 2-3. 1991 SATURATION D O  1 
I I , I I I I I I 

0 OBSERVED DO 
'1 
0 4 8 12 16 20 24 28 32 36 40 44 d8 

TIME (HOURS) 

I 
I 
C 
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
E 
I 
I 



s 
I 
I 
I 
I 
1 
I 
1 
I 
I 
li 
I 
1 
I 
II 
I 
I 
t 
I 

i E" I O -  
v 

8 -  
LL: 
0 > x 6 -  
0 

a 4 -  d 

I i I I I I I I i I i 

1 

- 
n A u 

A " L, C I - 

........................................................................................................................................................................................ 
DO CRITERIA 



BLACKSTOSE RII-El? 
STATION 21 

,--. ' d ,  - , 

- U '  I 1 , 
0 4 8 12  16 20 24 28 32 36 40 44 48 

h : A  
1 I I I I I 

7 

v I 
10 - 

~ c . 8  - 
...... ~~ ....................... ~~ ......................... ~ ~ ........, ! 

h v ~ - 
~ 

SATURATIOX DO ~ 

L" 0 OBSERVED DO 1 
0 0 '  I I I I I I I , 

- 
I DO CRITERIA iL! 

- AUGUST 14-15, 1991 
Ln 

1 I 

0 4 8 1 2  16 20 24 28 32 36 40 44 48 

i 
01 1 2  E 

O F ;  " 1  
....... -..-. ........ ----..- ....... - .... - ............... - ...... ~ .................... ~ 

DO CRITERI.4 
OCTOBER 2-3,  1991 

I 
L'! i 

c 0 1  I I I I 1 

0 C 8 1 2  16 20 24 25 32 36 40 44 ~8 

TIME (HOURS) 

I 
I 
I 
I 
I 
I 
E 
l 
1 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 



1 
1 
I 
I 
I 
1 
u 
1 
6 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 

Starion 1 Run #1 1 Run #2 1 Run # 3  

1 "M 0'73 1 TTX DTM TTM 1 DTX 
BLXOl 1 0.33 ND 0.32 0.05 0.401 ND 

ELK02 3.09 2.49 4.34 3.03 3.521 3.45 

B U 0 3  2.57 2.14 2.541 1.88 2.871 2.52 

BLX04 1.95 1.33 2.171 1.59 2 . 3 4  1.04 

BLXOS 0.10 ND 0.05 ND 0.09 ND 

BLKO6 1.19 0.471 0.93 0 . 5 4 )  1.211 0.91 

BLX07 0.77 0.12 0.87 0.25 0.76 0.64 

1.80 0.11 1.05 0.16 1.10 0.28 B U O 8  I 

Run f4 

"H 1 DTM 

0.381 0.08 

3 . 5 4  3.30 

2.39 1.54 

1.64 1.07 

0.42 0.34 

1.06 0.77 

1.09 0.92 

1.74 0.17 

BLiZO9 

ELK18 1 0.581 0.161 0.551 0.221 0.551 0.451 0.571 0.23 

0.051 ND I 0.16) ND 0.201 ND I 0.12 ND 

BLK19 1 0.351 0.121 0.381 0.131 0.421 0.221 0.471 0.18 

BLiZl2 

BLK13 

BtK14 

BLK15 

BLX16 

ELK17 

0.641 0.361 0.621 0T2[p0Lgr03 0.451 0.08 

0.92 0.12 0.54 0.13 0.63 0.15 0.56 0.19 

0.18 ND 0.07 ND ND ND 0.11 ND 

0 . 0 5  ND 0 . 0 6  ND 0.13 0.09 0.09 ND 

0.54 0.25 0.09 NU 1 0.88 0.23 0.29 0.18 

0.57 0.33 0.40 0.051 0.59 0.26 0.50 0.10 

ND = Below the detection limit of 0 . 0 5  pgJL. 

BLX2 0 1 0.35 

B U 2 l  I 0.23 

O . t 5 /  0.241 0.061 0.30 0.21 0.36 0.12 

ND 1 0.291 ND 1 0.40 0.13 0.38 0.17 



7 8 1 1  
~~ 

2 3 4  6 

LEGEND: 

: Survey I, July 10--11,1991 

1 : Water Qual i ty Stations, 1991 
- : Point Sources and River  Inputs 

4 
L 
1 

T 
'i' 

6 I, 
1 1  



I 
e 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 

station 1 RUA 1 RUA $2 j RUA $3 

'TTM D T H ~ m / O T M I T T X ~ D T X  

BLXOl 0.28 0.2210.3i 10.23 10.38 10.20 

1991 Blackstone River Survey #2 
Total ( E H )  and Dissolved ( O m )  Cadmium 

in gg/L 

Run d4 

TTM DTM 

0.33 0 . 3 4  

BLX02 4.151 3.2714.40 14.11 13.91 13.87 14-16 1 3 . 8 2  

ND - Below the detection limit of 0.05 PgIL. 



.. .. 

I- 

i-C-- 
C 

c -= 

i 
is: i' 

I 
3 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 



I 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

BLX04 1.85) 1.01~<.13~ 0.61/ii 
BLKOS 0.09 ND tin ND ND 

BLXO 6 2.791 0.31 1.06 0 . 5 8  1.48 

i‘: 

1.471 2.00 1.37 

ND ND ND 

1.03 1.43 0.90 

1991 Blackstone River Survey d3 
Total (‘ITXI and Dissolved ( O m )  Cadmium 

- in g g / ~  

BLKO7 1.08 1.01 1.181 0.79 1.141 0.80 1.28 

BLK08 1.64 1.04 1.441 0.921 1.30 0.90 1.42 

BLXO9 0.12 ND 0.091 NU 1 0.08 NO 0.13 

BLKlO 0 . 2 ~  o.13 o.06 ND 1 o.07( 0.05 ND 

BLKll 1.38 0.961 1.39 0.611 1.22 0.71 1.16 

BLX12 1.18 0 . 6 8  1.29 0.38 1.16 0.89 1.05 

BLX13 1.28 0.631 1.02 0.55 1.221 0.67 0.96 
~ ---- 

B L X O l  I 0.421 0.281 0.141 0.101 0.231 0 . 1 5 1  0.351 0 . 1 1  

0.77 

0.96 

NU 

ND 

0.57 

0 . 5 7  

0.45 

BLX02 I 0.521 0.521 1.35) 1.171 2.851 2.301 3.141 2.60 

BLKIS 

ELK16 

BLK17 

BLX18 

BLX19 

BLK20 

BLK2 1 

~ ~ 0 3  1 3.821 3.62) 1.211 0.871 2.681 1.641 2.721 2.10 

0 . 0 5  ND ND m I 0.12 ND m ND 

0.05 ND 0.15 0.221 0.11 ND ND NrJ 

0 . 8 2  0.47 0.53 0.66 0.71 0.41 0.68 0.41 

0.90 0.49 0.49 0.26 0.68 0.39 0.77 0.15 

0.56 0.49 0.42 0.19 0.56 0.30 0.64 0.36 

0.56 0.39 0.37 0.231 0.43 0.35 0.65 0.43 

0.55 o.07 o . 3 6  o.261 o.43i 0.27 o.41 



GHAt I O N  
wc ST 
RIV€K - QUlN -, 

LEGEND: 

Survey Ill, October 2-3,  199 I 

1 Water Quality Stations. 1991 
- Point Sources a n d  Rlver Inputs 

.~ 

A (i " 4  



l 
0 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 

BLKO8 

B U O S  

ELK10 

B u l l  

ELK12 

BLK13 

1991 Blackstone River Survey fl 
Total (TTZI) and Dissolved (Dm) C 5 r o m i u m  

in M/L 

24.5 1.3 1 6.9 1 0.8 1 2.0 1 2.1 26.3 1.4 

0.9 0 . 6  0 . 5  ND 0.9 0 . 3  1.4 0.3 

0.4 ND 2 . 8  I ND 0.7 ND 0.9 ND 

6.1 I 1.6 7.4 1 0.9 1 8 . 6  0.8 10.2 1.2 

2.8 1 2.0 2.2 0.6 1.7 0.9 2.5 0.7 

2.2 0.9 4.4 0.6 2.5 0 . 6  2.7 0 . 8  

B m 0 3  1 3.4 1 3.0 1 3.7 1 2.0 1 1.8 I 1.6 I 4.3 I 2.7 

ELK14 

BLKIS 

BLK06. 1 5.8 1 1.6 I 2.6 1 0.9 1 1.4 1 1.2 1 4.5 I 1.9 

ND M) 0.9 I 0.5 ND I ND 0.8 0.4 

0.5 0.2 ND 1 ND ND ND 0.3 ND 

BLX16 

BLK17 

0.6 I ND 0.2 1 0.3 2.1 1 0.2 0.7 No 

1.5 I 0.6 1.0 I 0.8 1.2 I 0.7 1 . 6  0.4 

BLX19 0.7 0 . 3  1.5 1 0.9 1.2 1 0.5 1.3 1.5 

ND = Below the detection limit of 0 . 2  ualt. 

BLKl8 1.9 0.4 

B U 2 0  1 l.l 1 0 . 3  

~ ~~ ~~ 

2.4 1 1.07 1.7 1 1.1 1.6 1.9 

l.o 1 o.3 l.o I o.6 l.l o . 4  

B L X 2 1  1 0.9 1 0 . 4  1.1 I 0.3 I 1.5 1 1.3 1.4 0.7 



I- 
. .  

j -  

i 
i -Q+ 



1 
s 
I 
1 
I 
I 
I 
I 
0 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 

/ m / D T M / T M  DTX 

BLKO1 I 4.9 I 3.4 I 9.6 5 . 9  

T T M ~ D T M ~ ? T H / D ~  

24.5 I 5.9 i 4.3 
~~ - 

BLKO2 I 5.7 I 4.3 I 4.9 1 3.3 1 6.6 I 7.8 1 8.3 1 6.9 

BLX06 I 4.2 

ELK07 I 5.3 
BLX08 14.9 

BLXOS 1.4 

B L X l O  0.7 

BLXll 6.0 

BLK12 3.2 

BLK13 3.2 

BLK03 1 4.9 1 3.3 I 4.5 I 3.0 I 4.2 I 2.8 1 6.0 1 4.8 

1.7 1 3.1 1 1.3 I 4.2 1 2.2 1 4.2 2.1 

1.4 I 4.6 2.2 3.1 1 1.7 3.2 1.4 

4.1 3.3 1.8 11.4 2.4 11.9 2.6 

0.6 I 1.7 0.7 1.6 0.4 1.2 0.7 

ND I 0.5 I ND 2.0 1.0 0.8 1.1 

1.1 I 4.3 1 2.3 1 6.7 1.7 5.1 1.4 

1.1 1 3.3 1 1.3 I 3.1 1.0 3.1 1.4 

1.5 1 2 . 4  j 1.2 1 3.1 1.2 2.4 0.7 

BLX05 1 0.7 1 ND I 1.6 1 0.4 I 1.0 1 0.3 I 0.4 1 NE 

-~ 
ND = Below the detection limit of 0.2 pg/L. 



1- E 

1- I 
!- 2 
I 

14- I -  P- 

1 I- : 

- 
L 

- n 

G 

c 

C- 

I 
I 
I 
1 
-1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 
1 
I 
I 
I 
1 
I 
I 
I 
1 
1 
1 
I 
I 
I 
1 
I 
I 
I 

s t a t i o n  Run f l  1 Run 52 I Run f3 1 Run ,#4 

~ -~ 
BLX02 1 3.0 1 1.6 I 2.3 1 1.0 1 2.9 1 1.5 r4.6 )22 

T M l D T M l m  

I 2.8 1 1.6 1 2.8 BLXOl 

D m I T T M ( O T M  T T M I D T M  

1,l 1 4 . 2  1 2 . 1  5.7 1 1.6 

ND = Below the detection limit of 0 . 2  l g / L .  

BLX06 

BIZ07 

BIZ08 

BLXO9 

BLXlO 

BLXll 

ELK12 

BLK13 

~ -~ 
2 . 4  0.4 2.5 1.0 2.1 I 0.6 2.3 0.5 

3.5 2 . 1  3.1 0.9 2.4 0.7 3.5 0.9 

5 . 2  1.3 3.7 1.0 3.2 1 0.8 4.1 1.4 

0.9 0.4 1.1 0.4 1.0 1 0.3 0.9 0.4 

0.5 ND 0.4 0.6 0.3 ND 0.3 m 
5.2 3.4 5.4 0.9 4.6 1.1 4.4 0.6 

4.6 1.6 5.9 0.8 4.4 1.8 3.9 0 . 2  

4.7 I 1.0 3 . 8  0.7 I 4 . 2  0.6 13.0 1.5 



WOON 
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12 13 
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1 1 2  3 4 6 7 8 1 1  

! 25 LEGEND: 

_1 : Survey Ill, October 2-3 .  1991 
: Point Sources and River Inputs 

1 : Water Quality Stat ions, 1991 

A 4 

18 19 20 21 1 /  



I 
I 
I 
I 
m 
I 
I 
I 
I 
1 
I 
a 
I 
I 
I 
I 
1 
1 
I 

1991 Blackstone River survey #I 

in W / L  
Total (TTW and Dissolved ( D m )  Copper 

ND = Below the detection limit of 0.2 wg/L. 



I 
I 
I 
I 
I 
I 
I 
I 

i 
l- 

I- 
- 

I- - 
A -  

1 
1 
1 
I 
I 
I 
I 
I 

la 

+a- 
-U- 



I 
I 
I 
t 
I 
I 
1 
I 
I 
1 
1 
0 
I 
I 
I 
I 
I 
I 
0 

B U O  1 9.9 I 6.3 1 7.6 

BLX02 26.8 123.2 123.9 

BLXO 3 28.3 22.4 122.4 

1991 Blackstone River Survey #2 
r o t a 1  (TTX) and 3zssolved (Om) Copper 

in u q / L  

Run 34 

~ -~ 
5.3 111.5 1 6.0 l T l 7  

20.5 127.7 123.6 22.0 20.3 

18.0 (10.8 126.6 (22.7 19.1 

BLX04 

BLKOS 

BLKO6 

ND = Below the detection limit of 0.2 uqIL. 

29.0 24.9 21.2 (18.2 126.3 22.1 22.8 19.2 

2.1 ND 3.4 0.3 1 3.2 2.5 1.0 ND 

2 5 . 5  18.5 22.3 20.6 26.0 20.0 24.5 18.0 

BLKO? 120.1 10.8 13.3 10.2 21.9 12.5 16.4 

BLKOB 36.8 15.0 16.0 110.3 29.9 117.7 25.2 

12.4 

16.4 

BLX09 1.3 ND 1 2.9 I 0.5 1 2.1 1 0.9 1.3 1 ND 



l- 
I I- 

i r- 

I I- z 

.. I 
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I 
I 
I 
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I 
I 
I 
I 
0 
I 
I 
1 
I 
I 
I 
0 
I 
I 
I 
I 
1 
I 
D 

1991 Blackstone River Survey # 3  
Total (TTX) and Dissolved (DTX)  Copper 

in w / L  

ND = Below the detection l i m i t  of 0.2 pg/L. 



c 

1' I- 

i-<i 

-a- 
lei 

G 2s +Q+ 
? sc 4 

1 +Q+ 3 
a 
30 0 

I,,,.,,,,,,,,,,,,, I I,., lo 0 
0 0 0 0 0 0 

'9 u? U r? N - r. 



I 
I 
c 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

TTM 

BLXOl  4 .9  

BLKOZ 32 .9  

BLX03 2 7 . 1  

BLK04 11.2 

BLKOS m 
BLK06 1 9 . 7  

D T H I T T M  D T M I T T X  D T H  TM DTM 

2 . 8  I 4 .6  3 . 1  1 4 . 1  3 . 4  7 . 0  4 .6  

27 .8  3 0 . 1  ( 2 5 . 6  23.2 123.5 2 7 . 1  2 4 . 4  

20 .9  22 .8  20 .6  2 2 . 5  21.3 2 0 . 6  17.8 

7 . 6  1 9 . 2  118.2 1 8 . 8  16.6 1 8 . 8  1 5 . 8  

ND 1.5 ND ND ND 1 1.0 1.7 

6 . 9  11.3 1 7.3 1 1 . 0  1 0 . 8  111.6 10.6 

BLK08 111.3 1 6 . 5  1 9 .3  1 6.7 1 7 . 5  I 6 . 1  113.3 1 5.4  

B U 2 l  1 3.0 I 1 . 9  1 4 . 3  1 2.2 1 4 . 9  1 3 . 4  I 5 . 8  1 4 .2  

ND = Belov t h e  detection limit of 0 .2  M/L. 
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I 
I 
I 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
1 
0 
I 
I 
I 
I 

1 TTM 1 Ol'M 

BLXO 1 9.6 I 8.3 
BLKO2 41.0 38.5 

TTM 1 D T X  1 TTM 1 D T X  1 TTM DT!4 

6.6 1 5.7 6.2 1 5.8 8 . 5  8.4 

34.5 32.8 40.1 38.3 51.8 50.3 

BLX03 41.4 (34.5 131.3 128.5  134.2 133.1 41.1 

BLK04 (40.1 30.7 30.7 28.7 132.6 30.3 1 3 1 . 7  

BLXOS 2.0 1.2 1.2 0.2 1.9 0.9 0.7 

BLX06 2 6 . 6  24.8 20.8 20.9 26.1 25.0 125.8 

35.a 

30.2 

0.4 

25.1 

BLKO9 

~ ~ ~~ ~~~ 

ND = Below the detection limit of 0.2 w / L .  

ND 1 ND 1 1.1 1 NO 1 1.0 I 0.3 I 1.0 1 0 . 6  

BLK12 110.5 

BLKl3 9.1 

BLK14 0.4 

BLK15 0 . 2  

BLKl6 ND 

BLK17 7.2 

~~ 

8 . 6  110.0 9.5 110.4 1 9.1 13.8 9.8 

8.4 7.6 6.4 I 7.7 1 6.6 8.6 7.2 

0.4 1.0 1.1 0.5 0.5 1.4 0.7 

0.4 0.8 0.6 ND No 1.6 NU 

ND 0.2 I NO NU NU 1 0.6 0.5 

5.9 6.2 I 6 . 4  1 7.2 5.2 1 7.5 1.4 

BLKlS 

BLK19 

~ ~~ ~ ~ 

9.4 7.9 9.3 8.1 7.3 7.0 10.0 6.7 

10.2 9.3 I 9.1 8.5 9.1 9.2 9.3 8.6 
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a 
I 
I 
I 
I 
I 
I 
II 
I 
1 
I 
I 
I 
I 
! 
1 
I 
I 
I 

B L X O l  

BLKO2 

5.4 4.6 1 2.8 2.0 I 4.8 1 4.3 1 4.7 3.2 

12.1 11.3 1 8.5 5.7 112.7 111.2 113.8 13.4 

BLX03 113.1 (11.3 1 6.1 1 6.3 112.9 111.2 113.2 111.5 

BLX04 

BLX05 

BLxO6 

~ ~ -- ~ 

11.2 10.5 I 9.3 1 5.3 11.6 110.7 111.1 10.7 

0 . 5  0.5 1 0.7 1 0.6 1.2 I 1.3 1.0 1.4 

8.4 6 . 2  1 8.4 1 6 . 6  9.2 1 7.9 8.8 6.8 

BLXO8 

BLX09 

B U U O  

ELK12 1 5 . 9  1 4.8 1 3.7 1 ND 1 9.7 1 9.0 1 7.4 I 6.8 

- -~ 

8.6 7.6 1 5.2 1 3.679.11 8.2-1 9 . 6  8.3 

ND ND ND 1 ND I 0.7 I 0.7 6.8 1.1 

ND ND ND 1 ND I 0.8 1 0.5 1.9 0.7 

B U 1 3  

BLK14 

BLK15 

-~ 

6.1 1 4.9 1 2.7 1 0.5,0,7 8 . 6  7.4 5.5 

1.2 1.5 1.8 1.5 4.6 3.5 2.0 1.2 

1.6 0.7 1.4 0.5 6.7 5.0 1.6 1.4 

BLK19 I 5.5 I 4.8 I 2.6 I 2.3 1 9.7 I 9 . 6  I 5 . 1  I 4.2 

BLK16 

BLX17 

BLKl8 

B u Z O  I 5.5 1 4.8 1 2.8 1 2.4 111.7 112.6 1 4.9 1 5.1 

- 

0.5 0.8 2.2 0.7 I 5.1 p . 8  ~ 1.2 1.1 

4.7 4.0 9.6 8.3 7.8 7.4 5.4 4.4 

6.0 3.7 6.4 4.9 1 7.8 7.8 5.1 4.2 

- 
BLXZ 1 

NO = Below the d e t e c t i o n  l i m i t  of  0.2 bg/L.  

1 5.2 1 4.7 1 2.5 1 2.1 112.7 110.2 I 4.6 I 4.4 
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I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
1 
I 
M 
I 
I 
I 
I 
I 

BLKOl 

B U O 2  

e r m  3 

TTM DTX "TI4 D T M I " X / D T X  TTM DTX 

5.0 1.9 3.9 o . 5 ~  1.4i o.7 7.2 l.l 

3.5 0.6 1 3.2 ND 1.3 1.1 4.0 3.0 

3.5 0.4 2.9 0.5 1.01 0.61 3.3 2.4 

BLK04 

e u a  s 
B u a  6 

BLX07 

euoa 

3.0 NO 1 4.11 0.4 8.8 2.1 5.0 0.2 

0.9 ND 1.9 ND 1.9 ND 2.8 2.3 

58.7 5.6 (118 94.8 2.8 2 . 6  13.0 2.0 

16.7 1.6 1274 5.8 98.4 4.7 12.9 5.2 

23.6 1 1.8 I 16.91 3.0 4-81 4.2 32.5 0.9 

BLX13 112.4 I 1.5 I 10.31 1.31 18.21 2.11 15.71 0.8 

BLXO9 

BLKlO 

B u l l  

BLK12 

1.1 0.9 1 3.3 0.2 7.9 0.9 2.8 0.7 

3.4 0.8 2.2 1 . 2  3.6 1.6 29.6 1.3 

9.2 1.2 1 15.8 3.71 53.31 3.4 32.0 3.6 

5.1 2.8 I 19.61 1.31 2.91 2.6 6.1 5.7 

ELK14 

BLK15 

BLK16 

~ ~ ~- -~ 
23.5 21.2 1.6 1.5 1.0 0.8 2.0 0.2 

1.7 0.8 1.0 ND 0.5 1.7 1.7 0.4 

9.4 5.7 3 . 5  1.3 12.3 3.4 8.9 1.4 

BLKl7 

BLKlS 

BLK19 

B u t 0  

BLK2 1 

3.7 0.5 4.0 ND 4.51 2.3 4.7 0.4 

4.3 0.2 3.2 ND 3.4 2.0 4.2 ND 

2.2 ND 2.0 ND 2.5 0.8 2.5 0.3 

2.0 2.1 1.7 ND 1.6 1.5 1.6 ND 

2.7 1 0.3 1 3.3 ND 4.91 1.6 3.4 0.5 
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1 
1 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
1 
I 
9 
I 
I 

Bm14 2.8 

BLXlS 7.1 

B L K l 6  2.9 

1991 3lacksiane 3iver Survey  ii 
Total ( T I 2 1  and Sisso lved ( D W )  Lead 

in $q/L 

1.2 I 2.5 1 1 . 3  1.9 

1.1 148.8 1 0.3 1.1 0.2 1 4.1 I 0.2 

1.7 I 2.0 1 0.8 3.9 3.7 I 8 - 0  I 4 . 3  

0.9 I 3.1 I 1.1 

S t a t r o n  j Run #I 1 Run #2 1 2un # 2  Run f 4  

1 rn 1 DTX 1 m ~ DTX j TTX 1 DTX 1 rn 1 DTX 

BLXOl 1 4.6 1 2.5 154.3 1 4.5 119.7 1 4 . 5  1 5.7 1 4.2 

B U 0 2  1 4 . 8  1 3 . 1  1 6.7 1 2.4 118.7 115.0 1 3.7 ' 1  2.5 

B U O 3  1 3 . 5  1 1.2 1 8.3 1 3.2 125.7 122.7 1 3.2 1 1.2 

ND = B e l o w  the detection limit of 0.2 m/L. 
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I 
1 
I 
I 
I 
I 
P 
I 
1 
1 
I 
1 
I 
I 
1 
I 
1 
1 
1 

1 TT?I I O T X  1 'EX 1 DTM 1 ' E X  1 OTM 

BLKOl 1 2.6 0.4 4.3 1 0.9 6.0 1 2.9 

TTM I O m  

7.6 1 1.4 

BZXO2 1 2.6 0.9 3.3 1 1.3 4.8 t 2.0 1 3.9 t 2.7 

BLK04 3.9 2.4 1 3.5 

BLK05 1 2.1 0.7 1 1.4 

5~x06 1 8.3 7.3 1 7.7 

1.5 1 4.9 1.9 4.3 2.3 

0.7 1 0.8 0.4 1.1 1.0 

2.3 133.6 t10.8 6.3 1.7 

BLK03 
~ ~ 

2.7 I 0.3 1 2.9 o.6 j 9.7 1 1.4 1 4.7 1 1.4 

ELK07 I 9.8 1 6.1 1 6.7 1 2.9 1 8.8 1 2.7 

ELK08 110.2 3.7 1 7.7 1 2.8 1 8.6 1 2.5 

BLXOS 1 2.4 2.4 1 5.1 1.1 1 4.9 I 1.0 

B L X l O  1 4.6 2.4 1 2.9 0.9 1 3.2 1.7 

7.0 3.3 

13.1 5.8 

4.3 0.6 

2.4 0.9 

BLKll I 8.5 5.2 113.1 1 1.8 I 9.4 3.4 1 8.0 1.8 

BLKl2 1 7.4 

Bfx13 I 8.2 

ELK14 6.8 

ELK15 3 . 3  

~~ 

6 . 7  1 l.5 i10.a-r6.q 7.6 1.7 

3 . 0  i 9.7 1.8 114.4 3.8 6.9 1.4 

5.9 1 1.3 1.2 1.5 0.7 1.8 0.3 

2.5 1 1.2 0.8 2.3 0.4 1.2 0.5 

BLX16 

ELK17 

BLx18 

BLK19 

~~ 

2.5 2.1 1 3.4 1.9 1.21 1.2 5.0 0.4 

11.3 9.4 6.6 1.0 4.4 I 1.4 14.8 2.3 

9.6 3.1 6 . 5  1.7 4.7 1.1 79.8 15.3 

3 - 7  2.2 4.4 1.5 3.6 1.1 5.7 1.4 

B U Z O  

BLK2 1 

3.8 1 0.9 1 3.9 1 1.0 1 5.5 I 2.344.4 I 1.7 
5.1 1 2.1 I 3.0 1 1.2 1 3.0 1 1.1 I 4.6 1 1.9 
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I 
I 
b 
I 
I 
I 
I 
I 
1 
II 
1 
I 
I 
1 
I 
I 
I 
I 
I 

B U 0 3  

BLX04 

S t a t i o n  j Run f l  1 Run .#2 1 Run #3 1 Run 6 4  

1.7 1.2 1 1.1 1.3 

ND NO 1 1.6 1.4 

B L K O 1  1 ND 1 ND 1 1 . 2  1 1.4 

ELK05 I NO ND I NO ND 

BLXO6 1 ND I NO 1 1.6 I 1.4 

BLX07 

BLXOB 

~ ~~~ 

1.2 1.7 2 . 4  ~~ 

1.6 2 . 6  1 4.3 2 . 0  

BLXlO 

B L X l l  

BLX12 

BLXI.3 

BLX14 1 ND I 1.0 I 1.1 I 1.3 

~ 

ND 1.0 ND 

1.5 2 . 9  3.8 3.4 

I ND 

I. 9 3 . 5  I 4.3 3 . 4  

1.7 1 2.8 3.0 2.6 

I 1.8 1 2 . 7  1 3 . 4  1 3.0 81x17 

ELK19 

ELK18 1 2.7 1 3 . 3  1 3.9 1 3.4 
-~ ~ ~~ ~~ 

2.4 4.1 I 4 . 5  3 . 5  

BLK2 0 1.3 1 1.7 2 . 3  

BLK21  1 1.9 I 2.2 2.7 

ND = Below the detection limit of 1.0 msIL. 

2 . 4  

2 . 2  



8 12 13 1 7  ',I I; 3 4  6 LEGEND: 7 * 
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Point Sources and River Inputs 6 
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I 
I 
1 
I 
I 
I 
I 
I 
l 
0 
I 
I 
I 
I 
I 
1 
i 
I 
I 

Station 

BLKO 1 

1991 3lackstone X v e r  Survey 5 2  
Five gay 3iocSernica; cx:/gen Demand in ng/L 

- 

Run f l  1 Run 5 2  1 Run # 3  I Run 84  

1 1.3 1 1.9 I ND I 
2.8 

BLX04 1 2.4 

BLK05 2.0 

BLXO6 1 2.7 

~ 
~ ~~ 

ND 1 ND I 2 . 5  

ND 1 ND I Nu 

ND I ND 2.4 

BLK07 1 3.0 I 1.2 1 1.6 1 1.9 

BLK13 

BLK14 

ELKlS 

~~ ~- 

2.7 I ~ ND- -1 ND 2.1 

2.1 ND 1.4 1.6 

2.9 I ND 1.4 2.3 

BU(16 

BLX17 

BLXl8 

BLX19 

~ 

1.6 1.3 1 ND 1.4 

2.3 2.3 j 1.2 1.7 

3.1 2.6 1 1.3 2.2 

3.1 2.9 I 1.9 t 2.6 

BLX2 1 2.6 2.7 I 1 .a  2.2 

~ 

BLX2O I 2.4 2.6 1 1.3 2.2 
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B 
I 
I 
C 
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I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

BLKO1 1 1.4 I 1.6 I ND 

1991 Blackstone River Survey 1 3  
Five Day 3iochenical Oxygen Demand in “91;. 

1.5 

BLK04 1.5 1 . a  1 1 . 3  

BLXO2 I 1.3 j 1 . 3  j 1 . 3  I 1.0 

1.7 

BLX07 

BLXOB 

ELK09 

BLXlO 

- 

1.5 1 1.8 I 1.1 ND 

1.1 1.8 1 1.2 ND 

ND 1.4 I ND ND 

ND 1.1 I ND ND 

B u l l  1 ND I 1.3 I NU 1 ND 

~~ 

B U T 6  I 1.1 

BLK17 ND 

B m l 8  ND 

BLX14 1 1.4 I Nn I NO I ND 

-~ 

1.2 ND ND 

1.0 ND 1.2 

1.0 I ND 1.2 

BLX2 1 2 . 4  1 NO 1 2 . 4  3.7 

BLX2 0 l.l-pl NO ND 1.7 
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I 
I 
I 
0 
I 
I 
I 
1 
I 
1 
I 
I 
). 

I 
I 
1; 
l 
a 
I 

B L K O l  I 22.4 

BLXO2 19.2 

BLK03 20.3 

1 9 9 1  Blackstone River Survey 81 
calcium in m g / ~  

~ ~~ ~ ~ ~~ 

23.6 1 NS 23.7 

18.4 20.9 18.1 

19.2 10.3 18.1 

Station 1 Run #1 1 Run #2 I Run #3 1 Run #4  

BLx05 

BLK06 

BLK07 

~ ~~ ~ ~ 

16.9 14.3 15.1 13.8 

18.0 17.6 17.4 16.9 

16.6 15.8 16.0 15.1 

BLX04 1 22.3 1 18.6 I 19.0 1 17.8 

BLKO9 

BLXlO 

B u l l  

BLX12 

~~ ~ 

6.3 4.1 5.4 5.2 

6.6 6.1 5.8 5.8 

12.8 13.1 13.1 12.6 

13.6 12.7 1 12.6 12.2 

BLXO8 1 15.5 I 15.9 I 16.0 I 13.9 

BLK14 

BLKl5 

~ ~~ 

3 . 4  4.1 3.9 4.3 

6.7 6 . 6  6 . 6  7.1 

BLK13 I 12.8 1 10.8 1 10.8 1 11.4 

BLKl6 

BLK17 

ELK18 

BLK19 

BLK2 0 

BLX2 1 

9.8 9.7 10.2 9.9 

12.2 11.1 11.2 11.5 

12.7 11.1 12.1 11.4 

12.0 11.6 11.5 11.7 

11.9 12.1 11.9 11.6 

14.0 11.4 11.4 12.2 
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1 

B L K O l  

BLx0.2 

BLK03 

I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
0 
I 
I 
i 
1 
1 
l 
0 
I 

1 8 . 8  19.5 29.3 1 19.0 

18.0  15.7 17.5 17.1 

18.7 16.4 1 6 . 2  16.6 

1 9 9 1  B l a c k s t o n e  River  Survey 62 
Calcium in n q / L  

BLKOS 

BLKO6 

BLX07 

~- 
Station 1 Run #l I Run # Z  1 Run #3 I Run d 4  

14.3 1 l z . 8  13.0 12.9 

16.1 14.9 15.3 16.4 

14.7 13.6 14.9 16.4 

BLX09 

BLKlO 

B L X l l  

BLKl2 

BLK04 1 17.1 1 16.7 I 17.0 I 16.1 

5.6 5.4 4.6 4.3 

5 . 8  5.3 5.2 5.1 

11.0 11.2 11.0 10 .8  

11.4 10.1 10.6 11.0 

BLK14 

BLK15 

euoa  I 13.0 1 13.7 1 13.4 1 13.4 

~ 

4.7 7.3 ~ I 4.2 3.9 

6.6 6.1 6 . 0  6.0 

BLX17 

B t K l 8  

BLX19 

~ ~ ~ ~ - 
9.2 9.0 9.0 8 . 6  

10.7 10.1 9.7 9.3 

11.4 11.2 10.4 10.1 

BLX16 1 8 . 7  1 7 . 6  1 8 . 5  I 8.2 

BLK2 1 11.5 11.6 11.7 11.2 

BLXZ 0 1 12.4 I 12.3 1 11.4 1 13.2 
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I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

ELK01 1 14.4 

BLK02 15.9 

1991 Blackstone River Survey +3 
Calcium in mg/L 

~ _____~_____ ~ 

14.2 14.8 14.2 

16.3 16.5 15.5 

BLX03 15.6 I 15.2 

BLK04 I 15.2 I 14.7 I 14.9 1 14.5 

15.0 I 15.8 

BLKOS 

ELK06 

BLK07 

BLXO8 I 12.3 I 13.2 1 12.9 I 12.8 

- 
11.9 I 11.7 
~ 

11.8 11.4 

14.1 13.5 14.3 14.4 

13.2 13.4 13.7 12.7 

BLXO9 

BLXlO 

BLXll 

BIZ12 1 9.7 I 8.9 I 8.9 I 9.9 

~ 

3.8 3.6 3.2 3.1 

4.1 4.1 4.4 4.2 

9.9 9.8 9.1 9.4 

BLX13 

BLX14 

BLK15 

BLX16 1 7.5 1 7.3 1 7.4 I 7.9 

~ ~- ~ 

9.7 8.9 9.4 9.1 

2.4 2.4 2.6 2.5 

5.1 5.0 5.2 4.8 

BLK17 

BLX18 

BLX19 

BLK20 1 8 . 3  I 8 . 7  1 8.5 I 8.9 

~~~ ~~ ~ 

7.9 8.0 7.9 8 . 3  

7.8 7.1 7.4 7.7 

8 . 0  8 . 0  8 . 2  8 . 4  

BLK2 1 8.1 8 . 5  8 . 2  8 . 1  
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a 
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I 
I 
0 
I 
I 



I 
I 
a 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 

Station 

BLXO 1 

BLX02 

1 9 9 1  Blackstone River Survey #1 
Magnesium in mgjL 

Run t l  Run $2 Run d3 Run d4 

3.88 3 .82  ' NS 3 . 9 1  

3 . 5 6  3 . 3 5  3.66 1 3 .79  

____ 

BLX04 

BILK05 

BLX03 I 3.37 1 3.37  I 3 .48  I 3.57 
~ ~ - ~ _ _ _ _  ~ _ _ _ _  

3 .45  3 . 3 1  3.58 3.40 

2 .78  2.73 2.92 2 . 9 1  

ELK07 

BLK08 

BLX09 

BLX06 I 3.13 1 2.82 I 3.48 I 3.47 

3.07 3 .12  1 3 . 3 1  3.13 

3 .03  3.04 3 .09  3 . 3 1  

1 .25  1 .20  1 .20  1 . 2 1  

BLXl2 

BLX13 

BLXlO I 1 . 3 2  1 1 . 3 4  1 1.35 I 1.37 

2.47 2.55 I 2.64 2.57 

2.37 2 .21  2.32 2 . 4 1  

BLKll I 2 . 48  I 2.64 I 2 . 8 1  1 2.71  

BU15 

BLX16 

BLX17 

1 . 5 6  1.50 1.56 1.66 

2.08 2.22 2 . 2 8  2.30 

2.18 2.24 2 . 3 1  2 . 4 1  

B I Z 1 4  1 1 . 0 5  I 1.05 I 1 . 0 6  I 1.09  

BLKl9 

BLX2 0 

BLX2 1 

2 . 3 1  2.32 2 .44  2 .45  

2.45 2 .39  2.49 2.53 

2 .53  2 .39  2.70 2 .54  

BLX18 1 1 . 9 1  I 2.37 I 2.48  1 2.38 

ND = B e l o w  the detection limit of 0.05 mgJL; NS = 
Sample missing. 
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Station 

BLXOl 

1 9 9 1  Blackstone River Survey # 2  
Magnesium in mg/L 

Run f l  1 Run g2 Run # 3  1 Run #4  

2 . 7 6  2 . 7 4  2 . 6 7  2 . 8 5  

BUD2 

BLX03 

BLX04 

3 . 2 6  2 . 8 9  2 . 9 3  3 . 0 8  

3 . 2 9  3 . 0 2  2 . 9 9  3 . 1 5  

3 . 2 7  3 . 0 5  2 . 9 3  2 . 9 7  

BLXO5 I 2 . 7 3  1 2 . 6 5  1 2 . 6 1  1 2 . 7 8  

BLK06 

BLK07 

BLX08 

BLKOS 

~ 

3 . 0 6  2.93 1 2 . 9 8  2 . 8 5  

2 . 6 5  2 . 4 4  2 . 7 5  2 . 6 1  

2 . 5 1  2 . 2 3  2 . 6 8  2 . 7 1  

1 . 2 2  1 0 . 9 2  1.10 1.05 

BLXlO I 1 . 3 8  1 1 . 1 3  I 1 . 2 1  1 1 . 2 2  

B u l l  

B L K l 2  

BLX13 

~ ~~ ~ ~ ~~ 

1 . 9 7  1 . 8 7  1 . 9 9  2 . 0 8  

1 . 9 9  1 . 7 5  1 . 8 8  1 . 7 9  

1 . 7 5  1 . 4 7  i 1 . 7 9  1 . 9 1  

BLK14 

BLK15 

BLX16 

BLX17 

1.06 0 . 9 5  1 . 0 8  1.09 

1 . 4 8  1 . 2 7  1 . 4 2  1 . 4 3  

2 . 0 0  1 . 8 0  1 . 9 2  1 . 8 7  

1 . 7 6  1 . 5 3  1 - 8 3  1 . 8 9  

ND = Below the detection l i m i t  of 0.05 mgJL. 

BLX18 

BLXI.9 

BLK2 0 

BLX2 1 

2 . 0 6  1 . 7 5  1 . 9 0  1 - 8 8  

2 . 1 8  1.90 2 . 0 1  2 . 1 5  

2 . 3 4  2 . 0 8  2 . 2 2  2 . 2 9  

2 . 2 5  2 . 0 7  2 . 1 3  2 . 1 7  
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I 
I 
t 
I 
I 
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I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
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BLXO 1 3.00 

BLXO2 3.70 

E X 0 3  3.30 

1991 Blackstone River Survey f 3  
Magnesium in mq/L 

3.12 2.67 1 2189- 

3.43 3.06 3.28 

3.57 3.63 3.54 

station Run #l 

- 

BLX05 

B U D 6  

BLK07 

~ ~ ~~ ~~ ~~ 

2.21 2.44 2.79 2.64 

3.19 2.86 2.53 2.84 

2.71 2.84 1 2.89 2.78 

BLX04 I 3.50 1 3.12 I 2.39 I 2.93 

BLX09 

BLXlO 

B u l l  

~ -~ ~- 

1.19 1.38 1.34 1.21 

1.62 1.84 2.01 1.84 

2.45 2.52 I 2.43 2.56 

BLKO8 I 2.89 I 3.15 1 3 . 5 3  I 3.24 

BLX14 

BLK15 

~~ - ___ ~~ 

0 . 6 9  1.06 1.03 0.94 

1.99 1.85 1.77 1.79 

BLKlZ 1 2.22 1 2.35 I 2.30 I 2.43 

BLK17 

BLX18 

BXX19 

BLK13 1 2.19 I 2.10 1 1.98 I 1-95 

~ ~~ 

1.93 1.88 1.78 1.80 

2.40 2.48 2.30 2.51 

2.12 2.21 2.15 1.95 

BLK2 1 

BLKl6 I 2 . 2 5  I 2.74 1 2.78 I 2.54 

~~ 

2.44 2.50 1 2.41 -1 2.56 - 
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Station 

BLXOl 

BLx02 

1991 Blackstone River Survey %1 
Total Chlorophyll in p g / L  

Run #l 1 Run d2 Run #3 Run d4 

ND 2.8 

2.0 1.9 

BLK04 

BLK05 

BLK06 

1.0 - 7 7 . 0  

NA NA 

3.2 3.7 

BLX07 I 6.2 I I 22.0 I 

BLK09 

BLXlO 

B u l l  

BLKO8 1 17.0 1 I 20.6 I 
~- ~ 

NA NA 

NA NA 

12.1 19.6 

BLK13 

BLXl4 

BLK15 

BLK12 1 21.0 1 1 13.0 1 
1 

~~ 

17.8 20.6 

NA NA 

MA NA 

BLK16 

ELK17 

BLK18 

2.4 4.8 

NA 25.2 

15.0 29.5 

BLXl9 1 16.2 I I 29.1 I 
BLK2 0 

BLX2 1 

8 . 2  8.6 

13.1 11.3 
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n 
B L K O l  

BLKO 2 

BLX03 

1991 Blackstone River Survey $ 2  
Total Chlorophyll in u g / L  

~ T - -  3.0 -i - 1.9 

ND 1.0 

ND 1.0 

ELK09 

B L X l O  

B L x l l  

BIX08 I 3.7 I I 31.7 1 
- 

ND 1.9 

1.9 I 1 1.0 

4.0 8 . 0  

ELK13 

BLX14 

BLKIS 

I 4 - 9  I B U l 2  ] 6 . 7  I 
7.0 I 1 ~ 14.0- 1 
1.0 3.8 

5.3 3.9 

ELK2 1 
~~ ~~ ~~~~ 

13.8 13.5 
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I 
I 
I 
I 
1 
I 
I 
CI 

BLKOl 1 2.8 

1991 Blackstone River Survey 63 
Total Chlo rophy l l  in p q / L  

I 1 .0  

em02 2.9 

BLK03 1.0 

BLK04 1.0 

1.1 I 
ND 

1.1 I 
BLKOS I 2.8 I I 4 . 7  I 
BLKO 6 

B U 0 7  

ELK08 

~ 

2.0 1 3.2 

N n  3.1 

2.8 1 2.0 

BLK09 1 2.0 I i 1.0 I 
ELK10 I 1.0 1 
BLKfl ND 

em12 2.0 

3.3 

1.9 

ND 

BLX13 I 3 . 7  I I 1.0 I 
BLK14 

ELK15 

ELK16 

2.0 4.0 

4.0 6.0 

ND ND 

BW17 I 2 . 9  I I 3 . 1  I 
BLX18 

BLX19 

ELK20 

~- -~ ~~ 

2 . 9  1.0- 7 
1.1 2.0 

2.8 2.0 

BLX2 1 I 2.1 I I 4.0 I 
~~ -~ ~~ 

ND = Below the detection limit of 1.0 ua/L. 
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BLKO 1 

BLK02 

1991 Blackstone River Survey #l 
Chloride i n  q / L  

114 114 I 114 148 

109 109 NS I 100 

Station 1 Run #l 1 Run # 2  R u n 7 7  Run #4 

BLX04 ] 97 

BLX05 67 

BIZ06 82 

~ ~~~ ~~ 

105 92 100 

73 65 68 

82 74 92 

BLX03 I 104 I 105 92 1 100 

BLX08 

BLKO9 

BLKlO 

Bull 

~~ ~ 

75 79 71 74 

20 22 19 19 

46 48 35 43 

67 75 63 65 

BLK12 

BLX13 

BLK14 

BLX15 

70 75 60 65 

57 64 50 60 

a2 24 20 21 

24 24 20 24 

BLK16 

BLX17 

BIZ18 

~ ~ 

34 36 30 48 

57 59 48 57 

79 79 65 68 

BLKZ 0 

BLX2 1 

~~ ~ 

52 57 50 63 

54 85 46 55 
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I 
1 
I 
1 
1 
I 
I 
I 
t 
1 
0 
1 

a BLKO 2 

BLX03 

1991 Blackstone River Survey f 2  
Chloride in mgfL 

~~ -~ 
105 90 96 113 

100 94 I 99 109 

= 
Station ~ Run #1 I Run # Z  1 Run #3 1 Run # 4  

BLKO5 

BLX06 

BLX07 

BLK08 

BLKO1 I 108 1 97  1 106 1 116 

~ ~~ ~~~~ 

72 65 69 78 

90 77 85 100 

78 79 78 156 

76 72 72 140 

BLKlO 

BLKll 

BLKlZ 

95 I 108 g6 I 90 I BLX04 1 

~ 
~~~ ~ 

45 41 42 49 

56 51 57 66 

57 48 I 53 62 

BLK15 

BLKI.6 

BLX09 I 10 I 19 I 21 I 21 

28 25 26 29 

38 32 3s 40 

BLK17 

ELK18 

BLK19 

ELK2 0 

48 42 44 236 

62 54 54 60 

60 53 54 68 

68 60 6 0  68 

BLKZ 1 I 64 I 56 1 60 1 5 0  

ND = B e l o w  the detection limit of 1 mufL. 
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I 
I 
I 
I 
I 
I 
4 
I 
1 
1 
I 
I 
I 
0 
1 
I 
I 
I 
1 

S t a t i o n  1 Run f l  1 Run # Z  

BLKOl 57  5 9  

BLXO 2 7 1  7a 

1 9 9 1  Blackstone River Survey #3 
Chlor ide  i n  mgjL 

Run 53 1 Run #4 

7 4  60 

93  a i  

BLX04 

ELK05 

ELK06 

~~ - 
68 a 2  1 -  9 4  

70 I 
4 a  4 7  70 5 3  

66 6 1  7 1  5 9  

BLKU8 

ELK09 

ELK10 

B L X l l  I 4 5  1 . 46 1 51 I 4 8  

58 5 9  69 6 2  

1 4  15 13 18 

2 6  2 7  2 9  28  

BLX12 1 44  I 4 5  I 5 0  j 4 8  

BtK13 

ELK14 

ELK15 

-~ ~~ -~ ~ 

44  43 4 a  3 9  

12  1 4  1 4  13 

28  28  31  2 8  

ELK16 

BLKl7 

BLK18 

26 2 7  29 3 4  

36 3 8  4 3  41 

4 0  40  4 a  4 6  

ELK2 0 NS 5 2  4 3  55  

ELK2 1 49  4 1  44  54  
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I 
I 
I 
1 
I 
I 
i 
I 
I 
I 
I 
I 
l 
0 
1 
1 
I 
I 
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S t a t i o n  

BLKOl 

1991 B l a c k s t o n e  River Survey d l  
AwPonia in mg/L 

Run tl 1 Run #2 1 Run 53 j Run #4 

0.14 1 0.17 ' 1 0.24 1 0.24 

BLx02 

BLK03 

BLKO4 

~ ~ 

0.48 0.26 0.24 0.45 

0.29 0.21 0.11 0.18 

0.38 0.29 0.28 0.33 

BLKOS 1 0.07 

BLKlO I 0.04 I 0.04 I 0.04 1 0.67 

0.07 ND 0.08 

BLK07 

BLKOS 

BLX09 

~ ~ ~~ 

0.21 0.16 0 . 0 5  0.08 

0.12 0.05 0.14 0.11 

0.09 0.04 ND 0.06 

B u l l  

ELK12 

BLX13 

ELK14 

ND = Below the detection l i m i t  of 0.02 inglL. 

~ ~ ~~ 

0.06 0.06 0.10 0.02 

0.04 0.05 0 . 0 5  0.06 

0.05 0.06 0.05 0.09 

0.09 I 0.12 0.08 0.09 

BLX15 

BLX16 

BLX17 

-~ ~ ~~~ 

0.06 0.04 0.05 0.05 

0.22 0.26 0.25 0.33 

0.06 0 . 0 5  0 . 0 5  0.09 

BLX18 

B U 1 9  

BLK20 

ELK2 1 

1.03 1.54 1.01 1.07 

1.03 0.61 0.77 0.99 

0 . 5 5  0 . 5 0  0.43 0.45 

0.33 0.31 0.36 I 0.25 
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I 
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1 
I 
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I 
I 
I 
I 
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I 
1 
I 
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~~ 

BLKOI I 1.37 1 0.65 1 ND 
BLKO2 1.62 0.73 ND 

1991 Blackstone River Survey f 2  
.9mmonia in mg/L 

ND 

ND 

- 

Station 1 Run f l  I Run 52 1 Run d 3  1 Run #4 

BLX05 

BLXO6 

BLK07 

-~ 
0.49 0.32 0.09 ND 

1.21 0.58 0.69 ND 

0.58 0.93 0.42 ND 

BLK03 I 1.66 I 0.75 1 0.03 1 ND 

BLKO9 

0LXlO 

B u l l  

BLX04 I 1.72 I 1.13 1 0.02 1 ND 

- ~~ -~ ~ 

0.26 0.46 1 0 . 1 5 - - r  ND 

0 . 5 5  0.18 1 0.13 0.13 

0.09 0.41 0.40 0.26 

BLX14 

BLKl5 

BLK08 1 0.13 1 0.78 1 0.32 I ND 

-~ ~ ~~ 

0 . 2 2  0.62 0 . 2 5  ND 

0.09 0.26 0.26 0.39 

BLK17 

BLKl8 

BLX19 

B m l 2  I 0.13 1 0.33 1 0.37 1 0.27 

ND 0 . 2 2  - 1  0.10 0.14 

0.88 . 1.25 0.22 0.74 

0.67 0.43 0.75 0.83 

BLX13 1 0.08 I 0.38 1 0.34 I 0.26 

ELK2 1 0.50 0.44 0.64 - 1 ~ ~ -  0.04~~ 

BLK16 1 0.20 1 0.28 I 0.17 1 0.18 

BLXZO 1 0.49 1 0.34 I 0.04 1 0.43 
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BLKO 1 

1 9 9 1  Blackmtone R i v e r  Survey #3 
Ammonia i n  n g / L  

~~ - ~~ 

0.15 0.11 1 0 . 1 5 7  0.17- 

S t a t i o n  j Run #l 1 Run # 2  I Run .#3 1 Run #4  

BLx02 I 0.19 0.07 0.75 0.54 

BLX03 

BLX04 

BLXOS 

BLKO6 

BLK07 1 0.14 1 0.23 1 0.23 1 0.24 

0.16 0.14 0.24 0.56 

0.18 0.20 0.32 0.46 

ND ND ND NO 

0.21 0.13 0.40 1 0.16 

BLX08 1 0.07 

BLXO9 ND 

BLXlO ND 

BLXl1 I 0.07 1 0.09 1 0.10 1 0.09 

0.15 0.21 0.18 

ND ND 0.03 

ND ND tm 

BLXl2 

BLX13 

BLX15 I 0 . 0 6  I 0.03 1 0.11 1 0.08 

~~ ~ 

0.08 0.12 0.09 0.12 

0.08 0.10 0.19 ND 

BLX14 1 0.02 

BLK19 I 0.21 1 0 . 2 0  1 0.23 1 0.21 

0.04 0.07 ND 

B m l 6  

BLX17 

BLXl8 

~ ~ ~ ~ 

0.06  0.06 0.05 0.04 

ND 0.77 0.10 0 . 0 5  

0.15 0.16 0.33 0.22 

BLK2 0 

ELK2 1 

~ ~ ~~ ~~ ~~ - 
0.17 Nn 0.21 0.17 

0.14 0.20 0.25 0.15 
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Station 

1991 Blackstone River Survey #l 
Nitrate in mgjL 

Run fl Run 52 1 Run # 3  Run # 4  

ELK01 I 0 . 6 5  

ELK02 1 2.90 1 2.57 I 4.55 1 2.02 

0.51 I 1.00 0.45 

ELK03 

BLK04 

ELK05 

BLXOB 1 2.78 1 2.64 1 4.42 1 0.07 

-~~ 

4.03 3.64 4.16 1 3.89 

4.43 4.20 4.42 4.47 

0.13 0.08 0.20 4.05 

ELK07 

ELK08 

ELK09 

BLKlO 1 0.12 1 0.03 1 0.10 I 0.17 

2.74 2.85 1 3.63 I 3.68 

2.37 2.29 2.79 3.10 

0.15 0.14 0.15 3.18 

ELK11 1 1.70 1 1.52 1 2.66 1 1.74 

BLK12 

BLK13 

BLXl4 

~ ~~ 

1.77 1 . 3 9 7  -=-- 1.65 
1.57 1.50 1.73 1.46 

0.24 0.22 ND 0.27 

ELK15 

ELK16 

BLK17 

ELK18 I 1-23 1 1.17 1 1.47 1 1.41 

0.38 0.29 0.20 0.39 

0.76 0.81 NS 0.77 

1.28 1.20 0.31 1.46 

ELK19 

BLX2 0 

BLXZ 1 

~ ~ 

1.40 1.38 1.57 1.62 

1.64 1.69 1.74 1.98 

1.59 1.98 2.02 1.90 
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1 
I 
P 
I 
I 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
I 

BLKOl 1 0.16 

BLKO 2 2.70 

BLK03 4.29 

1991 Blackstone River Survey  # 2  
Nitrate in a g / ~  

~ 

1.45 0.71 0.66 

3.81 4.18 4.77 

3.63 3.57 5.21 

station 1 Run #l 1 Run $2 1 Run d3 1 R u n  84 

ELK06 

BLX07 

BLXOS 

~~ ~ 

3.42 -2.89 ~ I 4.05 3.37 

4.20 2.54 4.24 2.86 

2.85 4.29 3.80 2.86 

BLK04 I 4.09 I 4.21 1 3.35 I 4.20 

BLXlO 

B L X l l  

BLX12 

BLKO5 I 0.03 1 0.14 1 0.13 1 -0.11 

0.98 0.19 ND 0.09 

1.41 1.45 2.00 1.20 

4.52 1.60 2.38 1.32 

BLXl.4 

BLK15 

0LXl6 

BLKOS I 2 . 4 6  1 0.14 1 0.04 1 0.09 

0.25 1 0.28 1.25 0.31 

0.25 0.25 0.17 0.89 

0.56 0.65 0.68 0.95 

B U 1 7  

BLKl8 

BLX19 

BLKZ 0 

BLX13 I 0.97 I 0.82 I 2.38 I 0.95 

~ 

0.79 0.82 0.81 1.14 

1.43 1.17 4.65 1.52 

1.76 1.51 1.69 1.97 

2.03 1.74 1.99 2.29 

BLK2 1 I 1.67 I 1.63 1 1.72 I 2.41 
~~ 

ND = B e l o w  the detection limit of 0.02 maIL. 
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1 
I 
1 
I 
I 
I 
1 
1 
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I 
1 
I 
I 
I 
a 
I 
I 
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S t a t i o n  1 Run d l  

B U O l  1.55 

1 9 9 1  Blackstone River Survey d3 
Ni t ra t e  i n  mg/L 

Run d2 1 Run d 3  1 Run d4 

0 . 2 4  1 2.20  1 0.74 

EM03 

BLX04 

B U 0 5  

BLX06 

BLX02 I 1 . 2 4  I 1.88 1 2.62 I 1 . 9 9  

1 . 2 7  1 . 0 1  1 2 . 0 5  1 2 . 2 1  

1 .13  1 .30  1 . 4 8  2 . 2 1  

0 .06  0.07 0 . 0 6  0 .03  

1 . 3 2  0 . 9 5  0.97 1 .33  

BLX08 

BLXO9 

BLKlO 

BLX07 I 0.80 I 1.42 I 1 . 2 3  I ' 1 . 2 0  

1 . 2 3  0.90 1 .40  1 . 2 0  

0 .09  0.10 0 .10  0.10 

ND 0.03 0 . 0 4  1 0.03 

BLX12 

BLKl.3 

B U 1 4  

B u l l  I 1 . 0 8  I 0.64 1 0.80 I 1 - 2 6  

2.92 0.67 I 0.63 1 .60  

2.07 0.77 0 . 6 8  1 . 2 6  

0 .24  0.16 0.15 0 .20  

BLXl6 

BLX17 

B u r 8  

BLK15 1 0.44 I 0.16  I O , . l 8  1 0.28 

0 .69  0.43 0.42 0.54 

1 . 3 1  0 . 5 6  0 . 5 6  0 . 6 1  

0.62 1 .02  0 .71  0.77 

~ 

B u l l  

BLX19 1 1.08 I 0 . 2 5  I 0 . 5 4  1 0 . 8 2  

~~~ 

1.38  0 .79  0.54 0 . 7 1  

BLX20 I 0 . 3 9  I 0.15 I 0.51 I 0.30 
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S t a t i o n  

BLXO 1 

1991 Blackstone River Survey fl 
Orthophosphate i n  mg/L 

Run d l  Run P2 1 Run 1 3  Run d4 

0.02 NU I NU NU 

BLKOZ 

BLK03 

BLXO 4 

0.90 1.00 1.15 0.11 

0.90 0.86 1.07 0.93 

0.71 0.76 0.85 0.93 

BLX05 1 0.08 I 0.03 1 0.08 I 0.06 

BLXO 7 

BLKOB 

BLKO9 

BLKO6 I 0.64 1 0.43 I 0.47 I 0.88 

0.67 0.57 0.52 0.49 

0.53 0.48 0.41 0.44 

0.13 0.02 1 0.07 0.41 

BLKll 

BLKl2 

BLK13 

BLXlO ' I 0.15 I 0.02 I NU I ND 

0.38 0 . 2 4 0 . ;  0.10 

0.46 0.24 0.17 0.10 

0.31 0.38 0.22 0.12 

B U 1 5  

B U 1 6  

BLK17 

BLK14 1 ND 1 0.05 1 0.14 I ND 
~ ~~ ~~ 

0.02 0.05 0.08 NU 

0.03 0.05 NS Nu 

0.13 0.20 0.05 0.06 

BLX18 

BLK19 

ELK20 

BLK2 1 

~ 

0.10 0.29 0.17 0.13 

0.19 0.26 0.19 0.07 

0.12 0.23 0.18 0.07 

0.10 0.20 0.11 ND 

ND = Below the detection l i m i t  of 0.02 mg/L; NS 
= Sample missing. 



1991 Blackstone River Survey # 2  
Ort3ophosphate in mgjL 

Station 

BLKO 1 

Run #l 1 Run 82 1 Run 83 Run #4 

0.05 I NU ND NO 

BLX02 

BLK03 

BLXO 4 

BLX06 I 0.65 1 0.31 1 0.66 -1 0.90 

1.20 0.83 1 1.02 1.34 

1.04 0.67 1.02 1.46 

0.81 1 0.83 0.83 1.40 

BLX07 

BIXOS 

~ ~~ 

0.32 0.08 

ND 0.04 ND 0.42 

BLKlO 

B u l l  

BLK12 

BLK13 

BLK17 I NO I NU I 0.11 I 0.20 

0.08 NU Nn 0.02 

ND NU NU 0.14 

0.09 NU NU 0.17 

ND Nu NO 0.12 

BLK14 

BLX15 

BlXl.6 

ND = Below the detec t ion  limit of 0.02 ma/L. 

0.06 NO 0.07 0.02 

NO ND 0.08 0.02 

NU NU 0.06 0.02 

I 
I 
I 
I 
1 
I 
I 
1 
0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BLX18 

BLK19 

BLK2 0 

ELK2 1 

- ~ ~~ ~ ~ ~~ 

1.61 I NO 
0.18 0.36 

0.13 NO 0.28 0.33 

0.10 ND 0.34 0.25 

0.09 1 ND i 0.28 0.19 
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1991 Blackstone River Survey # 3  
Orthophosphate in mg/L 

ELK02 0.34 1 0.62 1 0.56 I 0.62 

BLX03 1 0.34 1 0.53 1 0.49 I 0.62 

BLX04 

BIZ05 

BLX06 

~ ~~ 

0.42 0.44 0.42 0.43 

ND 0.02 0.02 ND 

0.20 0.26 1 0.25 0.32 

BLX07 I 0.16 1 0.26 1 0.21 1 0.21 

ELK08 

BLXO9 

BLXlO 

0.16 0.21 1 0.21 0.21 

tm 0.02 ND 0.10 

ND 0.02 1 ND ND 

BLK13 

BLX14 

ELK15 

-p ~ 

0.16 0.15 7 0 . 0 2 1 0 . 1 5  

I ND ND 0.03 ND 

ND 0.03 1 ND ND 

BLX19 I 0.08 I 0.14 I 0.11 1 0.03 

BLKl 6 

ELK17 

ELK18 

BIZ20 1 0 . 0 8  1 0.16 I 0 . 0 8  I 0.07 

ND 0.03 NO 0.03 

0.05 0.14 0.05 0.07 

0 . 0 5  0.14 0.14 0.07 

B L X 2 l  

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 

~ ~~ ~~ ~~ 

0.08 0.09 p[p0.08 I 0.07 
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1991 Blackstone River Survey $1 
Total K j e l d a h l  Nicrogen in mq/L 

BLKO 1 ND 

BLKO2 1 1.2 

ND ND ND 

ND 1.7 ND 

BLK03 I ND 1 1.1 1 1.2 I ND 

BLK07 

BLK08 

ND ND ND ND 

ND ND ND ND 

BLXlO ND ND ND Nn 

BLX18 I 2.9 1 1.6 1 1.7 I 2.6 

~ ~ ~ - 7 

BLXl2 ND ND 

BLX13 ND ND 

BLX14 ND I ND 

BLX19 1 1.5 I 1.6 1 1.6 1 2.4 

~ ~~ 

1.2 7 ND 
ND ND 

ND ND 

BLX2 0 

BLK2 1 

0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 0  
I 
I 
I 
I 
I 
I 

~ - ~ ~ ~~~~ ~~ 

ND Nn 1.1 ND 

ND ND 1.1 1.1 
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1991 BLackstone River Survey # 2  
Total Kjeldahl Nitrogen in mg/L 

station 

BLKO 1 

BrX02 

BLX03 

BLK04 

Run #l Run f 2  Run 83 Run 64 

1.4 ND ND ND 

1.6 ND ND ND 

1.7 I ND N n  ND 

1.7 I 1.1 Nn 1 ND 

BLKOS 

ELK06 

BLX07 

BLX08 

ND ND ND ND 

1.2 MI ND ND 

N n  ND ND ND 

ND ND ND ND 

BLXOS 

BLXlO 

B u l l  

BLX12 

N n  ND ND 

ND ND ND ND 

ND ND Nn ND 

ND I ND N n  I N D  

B I Z 1 4  

BLX15 

BLX16 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~~ 

ND ND Nn N n  

ND ND ND ND 

Nn m ND ND 

BLK17 

BLX18 

BLX19 

BLX2 0 

Nn ND ND ND 

N n  1.3 ND ND 

Nn ND ND ND 

Nn ND ND ND 

BLK2 1 ND Nn ND ND 
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1991 Blackstone River Survey # 3  
T o t a l  Kjeldahl  Nitrogen in mg/L 

BLXO2 

BLX03 

ND ND 1.1 ND 

ND ND ND ND 

BLK09 

BLXlO 

ND ND ND ND 

Nn ND ND ND 

BLX13 

BLX14 

BLXlS 

ND ND NO ND 

ND ND ND ND 

ND ND ND ND 

I 
1 
1 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

BLK2 1 
~ ~~ ~ 

ND m ND ND 
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1991  Blackstone River Survey $1 
T o t a l  (TSS) and Volacile (VSS) Solids 

in mg/L 

S t a t i o n  1 Run #1 
~ 

Run 62 I Run # 3  Run #4 

1 TSS I VSS 1 TSS 1 VSS I TSS 1 VSS TSS I VSS 

BLXOl 

BLK02 

BLX03 

BLK04 

~ ~~ ~~ 

2.4 0.8 2.8 I 1.8 ~ 0.6 ] ND I 3.0 0.8 

4.6 2.6 3.6 2.0 3.6 3.0 3.8 1.8 

ND 0.6 1.4 0.6 1.8 1.4 ND ND 

1.2 ND 1.4 ND 1.4 0.8 1 1.8 0.8 

BLXO5 

BLKO6 

BLX07 

BLK2 0 I 3.8 I 1.8 I 3 . 2  I 2.2 I 4 . 8  I 3.0 I 3.6 I 1.2 

~ ~ 

1.6 1.2 0.6 0.6 ND ND 1 0.6 ~ ND 

6.6 2.6 1.8 ND 3.2 1.4 4.0 1.0 

4.2 2.0 5.2 2.2 9.2 4.8 5.6 2.2 

B L X Z 1  

ND = Below t h e  d e t e c t i o n  l i m i t  of 0 . 5  mg/L. 

1 4.6 1 1.8 1 5.0 1 3.0 1 6.8 1 3.8 I 5.6 2 . 4  

BLXOB 

BLX09 

BLKlO 

BLXll 

BLX12 

I 
I 
1 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

5.0 2.6 6.8 4.0 118.4 6.6 116.2 4.2 

1.8 1.0 0.6 ND 1.8 0.8 2.6 1.4 

2.2 1-2 1.2 0.8 1.2 1.0 2.8 0.8 

9.4 3.8 6.6 3.4 12.4 5.4 13.4 4.4 

5.0 2.6 9.4 5.4 1.0 4.0 5.2 1.8 

BLXl3 

BLK14 

BLX15 

BLK16 

6.4 3.2 7.2 4.2 8.4 2.0 6.8 4.6 

1.6 1.0 2.0 1.0 0.6 ND 1.4 0.8 

2.4 1.2 2.6 1.0 1.8 0.8 4.0 1.4 

5.4 2.0 5.4 2.2 3.4 1.8 7.0 2.0 

BLK17 

BIX18 

BLX19 

~~ ~~ 

5 . 6  2.8 8.2 5.0 7.8 4.6 8.0 3.6 

8 . 6  4.0 2.6 2.0 6.4 2.8 5.4 2.2 

5.8 2.8 8.0 4.4 8.2 5 . 0  5.6 2.8 
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I 
i 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

BLKOl 

BLK02 

BLK03 

1991 Blackstone River Survey f2 
Total (TSS) and volatile (VSS) Solids 

in mg/L 

3.0 1.6 3.2 1 1.8 3.4 1 1.8 4.2 2.0 

4.8 2.0 3.0 1 2 . 6  3.0 I 2.0 1.4 1.2 

2.0 1.0 1.0 1 0.6 1.6 1 1.2 0.6 NO 

Station I Run 81 j Run 82 I Run #3 I Run 54 

ELK06 

BLK07 

BLXO8 

1 TSS 1 VSS 1 TSS 1 VSS 1 TSS I VSS 1 TSS I VSS 

~ 
~ 

~ 

3.6 1.8 2.8 1.0 1.0 0.6 2.0 1.8 

8.6 3.2 6.8 3.8 5.6 3.2 4.4 2.4 

3.8 1.2 6.2 3.6 1 1 7 . 8  4.6 8 . 6  4.2 

BLXlO 

B a l l  

BLXl2 

BLXO 4 I 1.8 I 0.8 I 2.6 I 1.2 I 1 . 8  I 1.4 I 1 . 8  I 1.6 

1.6 0.8 1.4 0.8 I 1.8 0.6 1.0 0 . 6  

5.2 1.8 6.0 3.2 2.4 1.8 4.0 2.2 

3.6 1.4 5.4 3.4 1 3.0 2.0 3.2 1.6 

BLKO5 I 1.4 I 1.0 1 1.8 1 0.8 1 1.6 1 1.0 1 NO 1 ND 

BLK14 

BLXlS 

BLK16 

2.0 1.4 3.8 2-.6 4.0 I 2.2 2.6 2.0 

3.8 2 .6  5.2 3.2 6.2 4.8 4.0 2.8 

2.0 1.2 3.2 1.8 5.8 3.0 9.0 3.6 

BLKO9 I 1.6 I 1.4 I 1.6 1 1.4 1 1.4 1 0.8 1 1.2 1 ND 

BLK17 

BLK18 

BLX19 

ELK20 

3.4 2.2 4.2 1.4 4.4 2.8 4.6 3.2 

2.4 1.4 5.4 2.8 4.0 3.0 4.2 2.8 

4.0 2.8 5.8 3.8 6.8 3.8 3.0 1.6 

2.6 2.2 1 4.4 1.6 I 5.4 1.8 7.0 3.6 

BLX13 I 5.4 I 3.0 I 4.4 I 3.0 1 4.8 I 3.4 I 4.4 1 2.6 

~ 1 x 2 1  I 4.8 i 2.6 I 7.0 i 4.2 i 6.2 I 5.0 I 6 . 8  I 4.0 

NO = Below the detection limit of 0 . 5  m / L .  
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BLKOl 

BLXO2 

TSS VSS TSS VSS TSS VSS TSS VSS 

3.2 1.2 4.0 1.2 1 4.6 2.8 2.0 ND 

3.4 2.8 3.6 1 2.0 I 5.4 I 4.0 3.4 2.0 

BLK03 

BLK04 

BLXOS 

BLX06 

4.4 2.6 4.4 I 2.4 I 5.6 3.8 3.6 1.6 

3.8 2.4 3.2 I 1.0 4.0 3.0 2.4 1.2 

1.2 1.0 1.0 0.8 0 . 6  ND 0 . 6  ND 

4.2 2.0 5.4 2.6 11.8 5.4 3.6 2.0 

ELK07 

BLX08 

ELK09 

BLKlO 

5.0 2.2 6.2 2.4 1 3.2 1.6 3.8 1.4 

7 . 4  2 - 8  8.4 3.0 3.0 2.4 5.2 1.8 

1.6 1.2 1.6 0.8 I 1.4 1.2 ND ND 

1.8 1.4 1.8 I 1.0 I 1.2 I 1.0 1.0 0.8 

I 
I 
! 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 

BLKll 

BLKlZ 

ELK13 

BLX14 

BLKlS 

5 . 4  2.2 6.6 2.4 5 . 0  1.8 3.6 '1.4 

3.4 1.8 6 . 6  1.8 2.2 1.4 2.8 1.2 

4.2 2.0 4.6 1.8 5.4 2.4 2.4 1.0 

3.0 2.0 3 - 0  1.2 1.6 1.4 1.0 0.8 

3.6 2-2 3.0 1.2 2.0 1.4 2-0 1.6 

BLK16 

BILK17 

BLX18 

~~ _ _  ~ ~ -~ ~~ 

3-4 2.0 2.4 0.8 1.0 0 . 8  2.2 1.4 

4 . 0  2.0 5.0 1.6 2.4 1.6 3.8 2.0 

4 . 6  2.6 4.0 1.4 3.4 2.2 2.8 2-0 

BLKl9 I 3.6 

BLX2 0 NS 

BLK2 1 4.2 

~~~ 

2.2 1 5.0 I 2.0 I 2.2 [ 1.4 2.4 2.0 

NS 1 3.6 1.3 1 2.8 1.6 1.8 1.4 

2.0 3.5 1.2 2.0 1.2 1.4 1.0 
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1 
t 
I 
t 
! 
I 
I 
1 
1 
I 
I 
B 
I 
I 
I 
I 
1 
I 
1 

Parameter 

C a d m i u m  
TTM 

(Irg/L) 

Survey Day 1 1 Day 2 1 Day 3 1 Day 4 Day 5 

1 3.1 2.1 2.4 2.4 2.4 
2 4.8 3.5 3.8 4.5 11.6 
3B 0.9 1.5 1.9 

~~ 

C a d m i u m  1 
DTM 2 

( P 3 / L )  38 

Chromium 1 
TTM 2 

( M / L )  38 

~ ~ 

2.2 1.7 1.4 1.5 1.9 
4.3 3.0 1.6 3.7 6.5 

0.3 0.6 0.7 

3.9 4.5 2.7 5.1 7.2 
9.0 9.1 4.8 5.1 6.0 

0.9 2.7 2.7 

Chromium 
DTM 

( Irg /L)  

copper 

(Irg/L)  
TTM 

1 1.6 3.4 NO 2.4 4.6 
2 7.3 5.5 1.6 4.6 4.9 
38 0.4 1.9 1.9 

1 41.1 33.3 54.1 44.1 32.1 
2 24.6 41.4 36.9 37.8 54.0 
38 28.2 24.6 21.6 

Copper 
DTM 

(Irg/L) 

L e a d  
m 

(Crq/L) 

1 27.1 25.0 31.0 36.5 22.5 
2 13.0 28.0 12.7 32.8 51.1 
38 5.9 13.0 12.1 

1 5.2 3.6 5.1 5.7 3.9 
2 12.3 10.1 6.9 9.6 18.9 
3B 7.2 5.1 6.9 

L e a d  
DTM 
(!+/L) 

Nickel 
m 

(Irg/L) 

1 2.4 1.6 1.6 1.6 1.9 
2 4.7 5.5 ND 7.9 14.5 
3 8  1.9 2.2 1.0 

1 10.5 10.8 18.0 9.0 13.8 
2 9.3 98.7 7.1 9.9 11.4 
3B 18.9 17.1 10.4 

N i c k e l  
DTM 

( l r g l L )  

1 6.8 16.8 8.6 5.7 8.4 
2 14.4 8.1 6.9 6.9 9.3 
3 8  16.8 8.4 9.9 



1991 Blackstone Xiver 
Total (TTM) and Dissolved (DTM) Trace Xetals 

Woonsocket Wastewater Secondary Effluent Post-Chlorination 

Cadmium 
TTM 

(Pg /L)  

1 Parameter Survey 

1 3.2 2.7 2.6 3.0 2.7 

3 8  Nn 1.1 1.7 
2 4 .a 4 . 8  3.3 5.2 5.9 

I 

C a d m i u m  I 
DTM 2 

(P9/L)  3 8  

I I 

2.2 3.1 1.6 1.9 1.9 
4.5 3.5 2.9 2.5 4.4 

0.3 0.8 0.7 

C h r o m i u m  1 4.2 5.4 3.6 3.9 3.9 

( W / L )  38 2.1 3.3 I Tl74 2 14.7 9.0 5.7 0.9 4.8 

Nickel  

( W / L )  
DTU 

N i c k e l  1 205 223 256 263 12 1 
Tl74 2 168 196 222 255 210 

(!Jg/L) 3B 16 69 79 

1 192 207 223 238 12 0 
2 164 160 205 207 187 
3B 10 71 11 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
1 
I 



1 
Q 
I 
I 
s 
I 
I 
I 
P 
I 
I 
I 
I 
c 
I 
E 
I 
c 

Cadmium 

(irq/L) 

Cadmium 

TTM 

DTM 
(ir9/L) 

Chromium 
Tm 

(fi9/L) 

Chromium 
DTM 

( c ( 4 / L )  

Copper 
TR4 

( M / L )  

copper 
DTM 

Ifi9/L) 

Lead 
m 

( M / L )  

1991 Blackstone River Conventionals Parameters 

Pre-Chlorination 
Upper Blackstone (UBPAD) Wastewater secondary Effluent 

1 4.5 4.0 3.6 4.5 5.5 

38 3.0 3.0 3.4 
2 1.2 4.9 4.5 4.9 5.0 

1 4.0 1.9 3.0 3.8 5.8 
2 1.9 4.3 4.3 4.7 4.2 
3 8  3.0 2.8 2.6 

1 5.1 3.3 4.8 6.9 4.5 
2 3.7 3.6 52.8 3.0 3.3 
38 1.2 1 . 2  1.8 

1 4.0 0.7 2.2 5.8 4.3 
2 3.5 2.8 3.7 2.2 2.5 
3B 0.7 0.7 1.3 

2 28.2 1 z:: 18.6 20.1 12.6 
38 21.0 30.9 29.4 

1 28.3 33.1 35.2 35.5 36.1 

3B 14.5 25.2 19.9 

1 6.9 7.4 5.7 6.5 6.6 
2 6.1 4.8 5.1 3.2 3.8 

1 36.3 40.2 42.6 43.8 

2 26.5 25.0 19.1 13.9 3.9 

35 1.5 1.8 1.8 

Lead 
DTH 

M / L )  

Nickel 
rn 

(Kr /L)  

Nicke l  
DTM 

(P9/L) 

1 3.7 4.6 3.7 4.1 ,3.1 

38 0.4 1.0 0.7 

2 122 79.5 67.5 58.2 44.7 

1 22.2 13.2 15.6 15.0 33.3 
2 120 75.3 65.7 55.8 39.9 

2 5.9 2.3 3.6 1.4 1.9 

1 22.2 18.6 15.6 14.7 32.1 

38 18.0 20.4 27.3 

3 8  15.3 21.0 24.0 



1991 Blackstone R i v e r  Conventionals Parameters 
Upper Blackstone (UBPAD) Wastewater Secondary Effluent 

Post-Chlorination 

Parameter 

C a d m i u m  
m 
(H/L) 

Survey 1 Day 1 1 Day 2 1 Day 3 Day 4 Day 5 

1 4 . 6  4 . 4  4 . 0  4 . 1  4 . 2  
2 2 . 1  6.8 4 . 5  4.5 5.2 
3B 3 . 2  2.4 2.5 

Cadmium 
DTU 

( P q m  

C h r o m i u m  
m 

(Pcg/L) 

- 
1 3.5 2.8 3.2 3.1 3.8 
2 1.9 4.7 3.5 3.7 4.9 
3 8  2.5 1.7 2.1 

1 3.9 6.6 6.0 7.2 7.5 
2 5.7 5.1 3.6 6.9 4.5 
38 2.1 1.5 2.7 

c h r o m i u m  
DTU 

(Pcg/L) 

Copper 

(Pcg/L) 
m 

~ ~- 

1 1.6 3.4 2.2 2.8 5.5 
2 4.0 2.5 1.3 1.3 3.1 
3 8  0.7 ND 1.3 

1 45.6 4 3 . 5  59.4 45.0 61.1 
2 44.7 33.0 24.6 27.6 26.4 
38 21.6 25.5 41.4 

Copper 
DTM 

( P g m  

Lead 
m 

(P9 /L )  

I 
I 
I 
1 
I 
m 
I 
1 
I 
I 
I 
1 
li 
I 
I 
Y 
I 
B 
I 

~ ~ ~- 

1 33.1 26.8 31.9 32.5 43.3 
2 46.0 1 5 . 4  11.5 19.3 147 
3 8  14.8 21.4 32.1 

1 5.4 5.9 6.2 6.8 6.9 
2 8.6 3.9 4.6 4.4 3.2 
38 2.1 1.8 2.4 

Lead 
DTM 

(Pcg/L) 

Nickel 
m 

(W/L)  

~ 

1 3.3 4.5 4.2 3.9 4.2 
2 8.1 1.9 3.2 1.6 1.5 
3B 0.3 2.4 0.9 

1 27.6 24.0 21.8 21.0 23.7 
2 163 94.8 76.8 66.0 52.2 
3 8  17.1 23.2 25.8 

Nickel 
m 

(P9 /L I  

~ ~~ 

14.7 20.4 
49.5 iiqz -60.0 21.6 

1 24.0 
2 150 
38 19.8 



I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
e 
I 
I 
I 

TSS 
(mg/L) 

7 . 2  1 0 . 4  5 . 0  1 1 . 4  8 .8  1 
2 1 6 . 4  1 4 . 6  8.8 7 . 6  29 .4  
3A 8 . 0  8 . 4  22 .2  33 .2  2 8 . 4  
3 8  2 8 . 6  28 .8  3 8 . 2  

vss 
(mg/L) 

Calcium 
(mg/L) 

Magnesium 
(mg/L) 

BOD5 
(mg/L) 

1 7 . 8  8 . 0  3 . 2  8.8 6 . 4  
2 1 0 . 8  1 0 . 4  6 . 4  5 . 6  1 9 . 2  
3A 6 . 4  7 . 0  1 6 . 8  2 5 . 6  2 3 . 6  
3B 2 0 . 8  2 1 . 6  2 7 . 7  

1 1 1 . 0  1 3 . 0  1 2 . 0  1 3 . 0  1 3 . 0  
2 1 2 . 7  1 3 . 8  1 2 . 0  1 4 . 3  13.7 
3B 1 3 . 6  1 4 . 3  13.8 

1 4 . 2  4 . 3  4 . 1  3 . 9  3 . 5  
2 3 . 8  3 .7  3 .a 3.9 3.8 
3B 4 . 0  3 .9  4 . 6  

1 3 . 1  5 . 0  6 . 9  6 .5  9 . 9  
2 9 . 2  7.2 19.1 1 0 . 2  10.5 
3A 1 3 . 4  1 0 . 2  18.6 25 .5  2 1 . 9  
3 8  2 0 . 8  2 2 . 0  2 2 . 0  

Chloride 
(mg/L) 

Ammonia 
@9/L) 

PO4 
(mg/L) 

Nitrate 
(mg/L) 

m 
(w/L) 

~~ 

1 1 2 5  105 85 2 4 7  335 
2 2 2 5  200 1 4 5  1 6 0  2 6 3  
3A 2 5 8  2 1 2  2 0 2  2 4 0  410  
3B 330 3 2 8  159 

1 26.6  33.8 2 8 . 2  2 1 . 5  2 1 . 4  
2 1 5 . 2  15 .0  13.5 12.0 1 3 . 2  
3A 6.5 10.8 13.0 13.0 6.1 
3 8  1 2 . 1  1 0 . 5  8 . 9  

1 3.6 2 . 6  3.5 3 .1  1 .3  
2 3.5 3 . 6  4 . 7  4 .6  4 . 7  
3B  4 . 2  4 . 6  3 . 9  

1 0 . 4  0 . 4  0 . 4  0.3 0.3 
2 1 . 7  3 .7  2 9 . 7  3 3 . 2  39 .6  
3 8  1 .6  2 . 1  3 . 8  

1 32.1 27 .2  3 8 . 8  NS 2 4 . 3  
2 1 8 . 6  1 5 . 4  1 9 . 5  1 5 . 6  1 7 . 6  
3A 9.3 8 . 7  7 . 7  
3B 15.1 1 3 . 1  11.1 



1991 Blackstone River 
Woonsocket Wastewater Secondary Effluent Post-Chlorination 

Calcium 
(mg/L) 

Hagnesium 

BODS 
O W L )  

Chloride 
(mg/L) 

I 
a 
I 
B 
I 
I 
1 
1 
I 
I 

1 3 8  I I 1 335 1 210 1 191 

~ - 
I 11.0 12.0 13.0 11.0 12.0 
2 11.8 13.4 13.1 13.8 12.9 
38 12.9 14.1 13.4 

1 4.0 4.3 4.3 4.7 3.4 
2 3.8 3.6 3.9 3.8 3.7 
38 3.9 4.1 4.8 

1 4.2 7.5 3.7 NS 7.6 
2 8.4 7.5 14.4 12.2 6.2 
3A 11.9 8.7 7.7 13.5 18.5 
38 14.0 20.0 16.0 

1 154 114 100 NS 142 
2 290 283 200 175 205 
3A 310 260 232 273 440 

Ammonia 
O W L )  

PO4 
(mg/L) 

Nitrate 
(mg/L) 

TXN 
(W/L) 

~~ ~ ~~ 

1 20.6 27.7 27.8 28.4 NS 
2 12.9 9.5 12.0 16.8 14.3 
3A 7.7 9.9 15.8 13.8 8.4 
38 13.2 13.5 10.5 

1 3.9 3.0 3.5 NS 3.1 
2 3.7 3.7 4.5 ND 4.9 
38 4.1 4.2 3.7 

1 0.9 0.9 0.9 NS 1.0 
2 3.8 2.0 30.8 9.9 58.5 
3B 1.4 2.7 4.7 

I 
I 
I 

1 25.6 13.4 42.0 NS 42.0 I 
1 

2 13.7 17.1 18.8 17.2 17.8 
3A 6.4 7.5 7.5 
38 11.5 13.5 13.7 



I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
1 
a 
I 
I 
I 
I 
I 
I 
I 

TSS 
(mg/L) 

1 
1 2.4 1.8 2.4 2.0 1.8 
2 1 . 4  4 .4  1.8 0 . 6  3 . 2  
3A 4 .4  5.2 3 .6  4.6 7.6 
3B 2.0 1 . 2  2.4 

vss 
(mg/L) 

~ 

1 2.0 0.8 2.2 1 . 6  1.0 
2 0.8 3.2 1.0 NO 2.6 
3A 3 . 2  2.8 3 .0  4.0 6 . 0  
3 0  1.6 0 . 8  1.8 

Calcium 
(mg/L) 

Magnesium 
(mg/L) 

BO05 
(mg/L) 

~ ~ ~~ ~~ 

13*0 p;ln E:: :33:: 1 13 .0  

38 12.7 1 3 . 4  

1 3 . 2  3 . 1  3.0 3.0 3.1 
2 3 . 3  3 . 1  3.2 3 . 1  3 . 2  
38 3.4 3 . 1  3.2 

1 3.0 1.8 1.0 3.0 5.0 
2 2 . 0  3 .5  2.3 1 . 9  ND 
3A 6.7 3 . 7  3 .4  2.9 3.5 
38 5.2 5.5 3 . 2  

2 12 .3  12 .8  

Chloride 
(mg/L) 

Ammonia 
(mg/L) 

1 9 2  9 2  78 8 5  8 5  
2 7 4  5 0  69 1 0 3  105 
3A 6 5  7 3  9 5  9 6  1 0 2  
3 0  120 115 1 3  0 

1 0.8 1 . 0  0 .2  0.5 0 .2  
2 0.2 0.3 0.2 0.3 0.3 
3A 0.5 0 . 4  0.2 1.0 0.4 
3 0  0 .3  0 .4  0.2 

Nitrate 
(mg/L) 

1 6.3 5.7 NS 6.4 6.3 
2 7 . 2  3 . 4  26 .8  12.3 23 .6  
38 13 .0  '7.7 1 0 . 4  

TXrr 
(mg/L) 

1 2 . 0  2 .2  2 .9  1.0 1.0 
2 1.4 1.1 1.1 1 . 3  1.3 
3A ND ND ND 
38 NU ND ND 



Parameter 1 Survey I D a y 7 7  

TSS 1 8.6 4.8 5.0 NS 
(mq/L) 2 6.0 2.4 2.4 2.2 

3A 8.0 2.8 5.8 NS 
3B 2.8 3.6 

vss 1 7.0 4.0 3.8 NS 
(mg/L) 2 4.4 1.6 2.0 1.2 

3A 6.8 2.4 4.6 NS 
3B 1.8 3.2 

NS 
20.4 
4.6 
3.0 

NS 
18.4 
3.8 
2.2 

13.0 
13.1 

3.2 
3.2 

13.0 12.0 13.0 
13.6 11.9 13.2 
12.7 12.4 13.1 

3.0 3.0 3.1 
3.2 3.3 3.3 
3.5 3.4 3.5 

BODS 
(mq/L) 

Chloride 
(mg/L) 

1 5.0 3.3 2.0 2.8 5.0 
2 3 . a  4.6 5.7 3.9 NS 
3A 2.9 1.7 3.2 1.9 2.5 
3B 4.5 3.2 4.7 

1 92 96 92 88 88 
2 a9 62 68 9a 132 
3A 73 92 111 101 111 
3B 123 125 14 1 

I 
1 
I 
3 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
0 
I 
1 
I 

Ammonia 
(mg/L) 

1 1.1 
2 0.2 
3A 0.8 
38 

0.6 
0.6 
0.2 

0.1 0.2 0.2 
0.1 0.1 NS 
0.2 0.4 0.4 
0.2 0.1 0.2 

PO4 
(mg/L) 

Nitrata 
(mg/L) 

TKN 
(mg/L) 

1 2.5 2.0 2.4 3.0 1.6 
2 2.1 3.0 1.9 2.2 2.6 
30 3.3 2.4 3.4 

1 6.8 5.7 6.4 7.1 6.4 
2 6.0 26.3 30.9 8.8 31.6 
38 13.4 9.8 11.8 

1 2.5 2.2 1.6 1.1 1.5 
2 2.3 1.8 1.4 1.4 1.3 
3A ND ND ND 
38 Nn ND 1.2 
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MEMORANDUM 

Blackstone River 1990 Study 
Civil and Environmental Engineering 

University of Rhode Island 

June 1, 1992 

The laboratory procedure used for the analyses of the 
Blackstone River 1900 survey are in accordance with the 
Work/Quality Assurance Project Plan prepared for the U. S.  
Environmental Protection Agency Region I by the Civil and 
Environmental Engineering Department (WE) in July 1991. In 
addition to this document other provisions were required as 
outlined in the August 2 ,  1991 memorandum from Carol M. Wood, 
Quality Assurance Officer for EPA to Katrina Kipp, EPA Project 
Officer. These provisions were handled in the following manner: 

1. The preventive maintenance schedule vas expanded to 
include routine daily and weekly maintenance practices. 

2 .  All samples containing chloroform as a preservative have 
been retained for disposal in a manner appropriate for wastes 
containing carcinogens. 

for ammonia analyses of the two effluent stations. 
split and analyzed both with and without a distillation step. 
copy of those results are attached as Table 1. The results do 
not appear to be dissimilar. Distillation did not occur for 
survey 3 ammonia samples. 

for the trace metal analyses of the two effluent stations. 
Samples were analyzed using the method of acid extraction as 
well as the method of acid digestion. A copy of those results 
are attached as Table 2 .  The results do not appear to be 
dissimilar. 
analyses. 

3 .  A comparison was completed for the second round sampling 
Samples were 

A 

4 .  A comparison was completed for the second round sampling 

Digestion did not occur for survey 3 metal 

In addition to these provisions a summary of the accuracy, 
precision and completeness of the data are given in Table 3 .  
Accuracy is represented hy the percent mean recovery and 
precisian is represented by the standard error of the mean. The 
results are in accordance with the expectations given in the PA 
Project Plan. Accuracy of the BOD test was determined by 
running five duplicate synthetic water samples containing a 1:l 
mixture of glucose and glutamic acid. These data are given in 
Table 4 .  The results are in accordance with the expectations 
given in the QA Project Plan. Trip blanks are summarized in 
Table 5 and indicate no significant contamination. 



Table 1 
Comparison Between Ammonia Results of Analyses Using Direct 

Phenate and Distillation/Phenat@ Methods 

WOON Pre-C1 1 
WOON Pre-C1 2 
WOON Pre-CI 3 
WQQN Pre-Cl 4 
WOON Pre-C1 5 

Blackstone River 1990 survey 2 
Woonsocket and UBPAD Effluents 

15.2 16.5 1.3 
15.0 15.9 0.9 
13.5 14.7 1.2 
12.0 i 4 . a  2 . 2  
13.2 14.9 1.7 

UBPAD Pre-C1 2 
UBPAD Pre-C1 3 
UBPAD Pre-C1 4 
UBPAD Pre-C1 5 

I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 



t 

station 

UBPAD P r e - C 1  1 
UBPAD P r e - C 1  2 
UBPAD Pre-C1 3 

UBPAD Pre-C1 5 
UBPAD Pre-C1 4 

Table 2 
Comparison Between Total Trace Netal Results of Analyses Using 

Acid Extraction (AE) and Acid Digestion (AD)  Methods 

Blackstone River 1 9 9 0  Survey 2 
Woonsocket and UBPAD Effluents 

Chromium cadmium 

AE AD E-D AE AD E-D 

5 . 7  5 . 3  0 . 4  2.1 2.4 -0.3 
5.1 4 . 7  0.4 6.8 6 .3  0.5 
3.6 3.9 -0.3 4.5 3.9 0 . 6  

4 . 5  4 . 1  0 . 4  5 . 2  4 . 8  0 . 4  
6 .9  5 .9  1.0 4 . 5  5 . 0  - 0 . 5  

A v e r a g e s  

WOON Pre-C1 1 
WOON Pre-C1 2 
WOON P r e - C 1  3 
WOQN Pre-C1 4 
WOON Pre-Cl 5 

Aver aqes 

Copper 

5.2 4 . 8  4 .7  4.4 

14 .7  13.8 0.9 4 .8  4 . 4  0 . 4  
9 . 0  8 . 4  0 .6  4 . 8  4 . 9  -0.1 
5.7 5 .3  0.4 3.3 3 . 9  -0.6 
0.9 1 . 3  -0.4 5 . 2  4 . 9  0.3 
4 . 8  4 .4  0 . 4  5 . 9  6.2 -0.3 

7 . 1  6.6 4 . 8  4 .9 

Lead Nickel 

h 

0 
6 

h 
a 
a 

- 
E-D 

13 
5.2 

- 6.1 - 3.6 - 3 . 3  (1 

5 - 
c 
C v - 

9 f 
16 a 

5 

6 

18 
31 

E 
7 + 

- 



Table 3 
Summary of Results for the Qual i ty  Assurance Project Plan 

Ammonia 
BOD 
ca18ium 
Chloride 
Chlorophyll a 
Magnesium 
N i t r a t e M i t r i t e  
Orthophosphate 
TXN 
Total Cadmium 
Total chromium 
T o t a l  Copper 
T o t a l  Lead 
Total Nickel 

Parameter 
Percent Mean 

Recovery 

95.6 

101.5 
98 .2  

100.5 
96.3 
9 2 . 4  

97.8 
100.1 
103.3 
95.6 
101.3 

- 

- 

Praaision 
Mean Standard 

Error 

0.0  
0,l 
0 . 2  
1.1 
0.7 
0 .. 0 
0.1 
0 . 0  
0.0 
0.04 
0.09 
0.27 
0.32 
0.28 

Completeness 
Percent 

99 
100 

99 
99 

100 
100 
99 
99 
99 
100 
100 
100 
100 
100 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 



I 
1 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

a 

a 

STM 'IVhmretical 
Reference oE BODS 

20 

TABLE 4 

Accuracy Analyses of the Conventional Parameters in Blackstone Study 

BOD, GLUTAMIC TEST 

Pre-Survey II Pre-Survey LII 
Measured BOD, Measured BODS 

1.8 1.6 
(me/L) (m@) 

I 5.9 I 5.9 I 4.3 II 
14.9 I 14.1 I 13.5 II 
I 19.8 I 20.5 18.0 

NOTES: 
Dissolved Oxygen Probe was calibrated by Winklrr Method before 
each GIutamic Test. 
STM Referencc method is 5210 B. 



TABLE 5 

Trip Blanks Analyses of the Measured Parameters in Blacbtone Study 

Trace Metals, (ug/L) 
Cadmium 
Chromium 

- 
NOTES 

NS = No Sample or insuEcient volume. 
Represent averages of trip blank samples collected in a survey. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
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APPENDIX D 

WHOLE SEDIMENT TOXICITY TESTS USING Hyallela azteca 

Aee of Organism: Start a test with 2nd or 3rd instar; 2-3 mm in length. To 
obtain amphipods, leaf material from the cultures are placed on 5-10 mm 
mesh sieve. The sieve is placed over a collecting pan containing 2 cm culture 
water. To separate the juvenile amphipods from the larger adults, a stack of 
sieves with the sizes #30, #40, and #60 is used. The cultures are siphoned 
onto the stack of sieves which are sitting in a plastic tray with culture water 
covering the mesh of the bottom sieve. The water and organisms can then be 
siphoned from the bottom sieve, a standard #60, into a crystallizing dish. The 
dishes are examined on a light table. The Hvallela are removed using a 
disposable pipet and counted. They are put into a beaker of culture water, 
aerated and feed lightly. Keep in the dark until the test starts. They can be 
held for 24 hours before the test. 

Test Vessels: Use four replicate I-L beakers per treatment with 20 H. azteca 
per replicate. 

Acclimation: If amphipods are cultured in water different from the 
overlyin/g water, acclimation is necessary. Place animals in a 50:50 mixture 
of culture water : overlying water for 2 hours. Then for 2 more hours put 
them in a 25:75 mixture followed by a transfer to 100% overlying water. At 
this stage the amphipods are considered acclimated to the overlying water 
and are ready for immediate use. Select organisms randomly with a pipette 
and place in 30 ml counting beakers that can be floated in the test chambers 
before the amphipods are introduced into the sample. 

Test duration: </= 10 days short-ferm test 

Temperature: 0 0 C (21-25) 

Photoperiod: 16:8 light to dark about 50 foot candles (538 lux) 

Sample volume: 200 ml sample (about 2 cm in a 1 Liter beaker) with 

Aeration: The test chambers with sediment and overlying water are left 
overnight unaerated but aerated for 30 min. before 
Hvallela are added. 

Test Initiation: The test begins when the organisms are added. 
test chambers <2 after amphipods are added to insure that animals are not 

1 

Inspect the 

800 



trapped in 
replaced with new animals. 
Feedinas: Ground rabbit pellets dispersed in deionized water. Mix with 
magnetic stirrer to homogenize food. If dissolved oxygen drops to 40% 
saturation, suspend feeding. If fungus or bacteria grow on the surface 
sediment, suspend feeding also for a day or two. Feed 6 mg. rabbit pellets per 
feeding per 20 amphipods in a 1 liter beaker three times weekly for the first 
week. Increase to 12 mg per feeding during the second week. 

Enduoints and Observations: 
Make notes of behavioral changes during the conduct of the test (floating on 
surface, sediment avoidance). At the end of the test, the sediment is screened 
using a #35 and a # 50 US standard size sieve. 
Live and dead amphipods are recorded. At the end of round 3 Hvallela 
testing, the sieved sediments were preserved with ethanol and sealed for later 
examination and counting. The recovered Hvallela were counted as live at 
the end of the test, because they tend to readily decompose after dying during 
a test. 

the surface tension of the water. If floaters are detected, they are 

WHOLE SEDIMENT TOXICITY TESTS USING Chironomus tentan5 

Age of Organism: A test should be started with 2nd instar larvae. Egg cases 
are obtained by aspirating adults into a 1000 ml Erlenmeyer flask in the 
morning. In late afternoon, 300 ml. of culture water is added to the flask. Egg 
cases are deposited overnight and 1st instar larvae begin to hatch after about 3 
days at 20 degrees C. 12-16 days before a test is begun, 3 freshly laid midge cases 
should be placed in a large flask or enameled rearing pan with water to a 
depth of 3 an. No substrate is added to the pan. Fish food flakes (Tetramin) 
should be added at a rate of 3 ml/day (IO g/100 ml. blended in water). Fresh 
water should be added as necessary to make up for evaporation. The larvae 
in the flasks/pans are presumed to be 2nd instars on the 12th day from the 
time the eggs were laid. Most larvae will remain as 2nd instars until day 16. 
Larvae > 16 days old should not be used to start a test. Start a rearing pan 
every 4 days for ongoing toxicity testing. 

Handling: Midges should be handled as little as possible. Larvae should be 
transferred with a 7 mm glass pipet. Midges should be introduced into 
solutions beneath the air-water interface. Any midges that touch dry surfaces, 
are dropped or injured during handling should be discarded. 

Acclimation: If the midges are cultured in water different from the overlying 
water or temperature, an acclimation process is necessary. Place animals for 2 
hours in a 50:50 mixture of culture water to overlying water, then for 2 hours 
in a S 7 5  mixture of culture water to overlying water, followed by a transfer 
into 100% overlying water. Midges should be randomly selected from the 
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acclimation water with a pipette and placed into counting beakers ie. 30 ml 
beakers that can be floated in the test chambers before the midges are 
introduced into the exposure system. 

Test desim: Use 2 liter beakers containing 2 an of sediment and 1.5 L of 
overlying water in static testing. Add 20 C. tentans per beaker. 

Test Initiation: Sediments should be homogenized and placed in the test 
chambers on the day before addition of test organisms (Day -1). Test chambers 
should be covered and overlying water aerated overnight. The test begins 
when the midges are introduced to the 
test chambers. Test chambers should be inspected < 2 hours after midges are 
introduced to insure that animals are not trapped in the surface tension of the 
water. These floaters do not survive well and should be replaced with 
healthy animals. 

Feeding: 
suspension) daily to each beaker. 
bacteria may grow and 
drop in 
the food is not W i g  consumed so feeding should also be 

Endpoints : Larval survival and growth can be assessed by ending the tests 
between days 10 to day 14 when larvae have reached the 3rd or 4th instar. At 
this time, the larvae can be removed from sediment using a #35 sieve. The 
midges can be rinsed 
from the 
degrees C are preferable to length. 

Feed 50 mg. fish food flakes (dry weight, administered in a 0.5 ml 
If food collects on sediment, fungus or 

dissolved oxygen to 40% saturation might indicate that all of 
suspended. 

feeding should be suspended for a day or more. A 

from the sieve into collecting pans and pipeted 
rinse water. Growth determinations using dry weight (dried at 60 
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APPENDIX E 

1991 BLACXSTONE RIVER SURVEY 

BENTBIC MACROIlJVERTEBRATE DATA 

EPA station # 8101 (River Mile 4 4 . 0 )  

m c  station X B S l O  

KICK NETS TOLERANCE , ROCK BASKETS 
VALUE* 

ANNELIDA 
Oligochaeta (Aquatic Earthworms) 

Tubif icida 

Tubificidae 

Hirudinea (Leeches) 
Rhynchobdellida 

Glossiphoniidae 
Helobdella sp. 

Pharyngobdellida 
Erpobdellidae 

ErDobdella sp. 

ARTHROPODA 
crustacea 

Isopoda 
Asellidas 

Caecidotea sp. 

Amphipoda 
Gammaridae 

Talitridae 
Gammarus sp. 

Hvalella ap. 

Insecta 
odonata 
Anisoptera (Dragonflies) 
Aeschnidae 

Boyeriq sp. 

Coenagrionidae 
zygoptera (Damselflies) 

sp. 
Enallama sp. 

Hydropsychidae 
Cheumatoosvche sp. 

7 

8 3 

8 1 2 2 

6 1 5 4 

8 

13 5 1 

2 1 

2 

1 

1 

1 

2 2 
3 5 8 3 3 

1 1 

E- 1 



APPENDIX E 

BENTHIC MACROINVERTEBRATE DATA (Continued) 

EPA Station # a101 (River nile 44.0) 

DWPC Station # BSlO 

TOLERANCE ROCK BASKETS KICK NETS 

A B C A B  C 
VALUE' 

Elmidae (Riffle Beetles) 
MicrocvlloeDus sp. 2 

Diptera (True Flies) 
Tipulidae (Crane Flies) 

Ceratopogonidae (Biting Midges) 

Simuliidae (Black Flies) 

Chironomidae (Midges) 

Tiuula sp. 4 

Bezzia sp. 6 

Simulium sp. 4.5 

Clinotanvuus sp. 8 
ConchaDeloDia sp. 6 
Thienemannimvia sp. 6 

cricotouus sp. 7 
Orthocladius sp. 6 

Tanypodinae 

Orthocladiinae 

Chironominae 
Chironomus sp. 
GlvDtotendiues sp. 
PolvDedilum sp. 
Rheotanvtarsus sp. 

Hemerodromia sp. 
Empididae 

10 
10 

6 
6 

6 

MOLLUSCA 
Gastropoda (Snails) 

nesogastropoda 
Basomatophora 
Physidae 

Phvsella sp. 8 

1 

1 

1 

16 

2 

1 
1 

12  

3 

1 

2 

19 

3 

5 5  
1 

3 

4 

1 
16 8 

1 

1 1 
1 

3 2 

60 52 

5 1 

2 

3 

10 
3 

6 5  

3 

5 

1 
14  

73 

3 

1 

Total 11 of Individuals 100 100 100 93 96 103 

*Tolerance Value: From Bode, et al. , 1991; for taxa not listed in Bode, 
tolerance values used were taken from Dwpc, 1990. 

E - 2  

I 
I 
0 
I 
I 
I 
I 
I 
I 
D 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 
I 
I 
I 
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I 
I 
I 
1 
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APPENDIX E 

1991 UCXSTONE RIVER SURVEY 

BENTEIC WCROINVERTEBRATE DATA 

EPA Station # BI02 (River Mile 39.7) 

DUPC Station # BSl2 

TOLE-CE ROCK BASKETS KICK NETS 
VALUE 

- A B C A B 

ANNELIDA 
Oligochaeta (Aquatic Earthworms) 
Lumbricina 8 

Tubificida 

Tubificidae 

Hirudinea (Leeches) 
Rhynchobdellida 
Glossiphoniidae 

Limnodrilus sp. 

Helobdella sp. 

Pharyngobdellida 
Erpobdellidae 

ErDobdella sp. 

ARTHROPODA 
Crustacea 

Isopoda 
Asellidae 

Caecidotea sp. 

10 

7 

8 

8 

Amphipoda 
Gammaridae 

Gammarus sp. 6 

Insecta 
Ephemeroptera (Mayflies) 

Baetidae 
Baetis sp. 6 

Megaloptera 
Corydalidae (Dobsonflies) 

Corvdalus sp. 4 

E - 3  

2 

1 2 1 1 

3 2 3 6 

9 

1 

2 

1 

2 

12 

5 

C - 

2 

2 

3 

1 

9 

6 



APPENDIX E 

BENTHIC MEROIHVERTEBRRTE DATA (Continued) 

EPR Station # BI02 (River Mile 39.7) 

DWPC Station # 8812 

TOLERANCE ROCX BASKETS KICK NETS 

A B C A B C 
VALUE 

Trichoptera (caddisflies) 

Cheumatousvche sp. 
HvdroDsvche sp. 

Hydropsychidae 

Diptera (True Flies) 
TiDulidae (Crane Flies) 

h u l a  sp. 
simuliidae (Black Flies) 

Simulium Sp. 
Prosimulium sp. 

Chironomidae (Midges) 
Tanypodinae 

sp. 
EonchaDeloDia sp. 
Orthocladiinae 
Cricotouus sp. 
Nanocladius sp. 
orthocladius sp. 
RheocricotoDus sp. 

Chironominae 
Polvuedilum sp. 

HOLLUSCA 
Gastropoda (snails) 
Hesogastropoda 
Basomatophora 
Physidae 
Ehvsella sp. 

Total # of Individuals 

5 
4 

4 

4 . 5  
2 

a 
6 

3.5 
7 
3 
6 
6 

6 

8 

6 
76 

2 

2 

2 
1 

7 

10 
7 8  

1 

1 

1 
1 

2 

4 1 4  
86  44  

1 

2 3 

1 
1 

1 

2 
1 

1 

9 

7 
4 8  

7 

1 

1 

13 

9 
4 1  

9 

1 
1 
2 
1 

9 

2 4 2 

100 100 100 9 5  101 98 

E - 4  

I 
II 
I 
I 
I 
I 
1 
I 
B 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 



1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 

APPENDIX E 

1991 BLACKSTONE RIVER SURVEP 

BENTEIC EULCROINVERTEBRATE DATA 

EPA Station 8107 (River Mile 33.6) 

DWPC Station t BS14 

TOLERANCE ROCK BASKETS KICK NETS 
VALUE 

ANNELIDA 
Eirudinea (Leeches) 

Pharyngobdellida 
Erpobdellidae 

ErDobdella sp. 

ARTEROPODA 
Crustacea 

Isopoda 
Asellidae 

Caecidotea sp. 

Insecta 
Ephemeroptera (Mayflies) 
Baetidae 

Baetis sp. 

Hydropsychidae 
Trichoptera (Caddisflies) 

sp. 
KvdroDsvche sp .  

Diptera (True Flies 
Tipulidae (Crane Flies) 

sp. 
Chironomidae (Midges) 

~ 

Tanypodinae 

Orthocladiinae 
ConchaDeloDia sp. 

Cardiocladius sp. 
Sricotoous sp. 
Nanocladius sp. 
grthocladius sp. 
Paracricotouus sp. 

PolvrJedilum sp .  
Rheotanvtarsus sp. 

Kemerodromia sp. 

Chironominae 

Empididae 

Total # of Individuals 

8 

8 

6 

1 

1 

5 30 27 30 
4 6 4  6 2  62 

4 4 

6 1 a 7 
1 
5 
7 1 
3 
6 1 

6 

1 

1 

1 

23 26 2 0  
12 6 2  6 5  

2 

1 
1 2 
1 
a 9 9 
1 

2 1 2 

1 

100 100 100 108 103 107 

E - 5  



APPEWDIX E 

1991 EGACRSTOUE RIVER SURVEY 

BEHTBIC HACROINVERTEBRATE DATA 

EPA Station # B104 (River Mile 27.4) 

DWPC Station X BS16 

TOLERANCE KICK NETS 

A B  C A B C 
VALUE 

ANNELIDA 

Eirudinea (Leeches) 
Pharyngobdellida 

Erpobdellidae 
Eruobdella sp. 

ARTHROPODA 
Crustacea 
Amphipoda 

Gammaridae 
Gammarua sp. 

Insecta 
Ephemeroptera (Mayflies) 

Baetidae 
Acantrella sp. 

Megaloptera 
Corydalidae (Dobsonflies) 
Niaronia sp. 

Hydropsychidae 
Trichoptera (Caddisflies) 

CheumatoDsvche sp. 
HvdroDsvche sp. 

Diptera (True Flies 
Tipulidae (Crane Flies) 

Tinula sp. 
simuliidae (Black Flies) 

sp. 
Chironomidae (Midges) 

Conchauelonia sp. 

Cardiocladius sp. 
Cricotouus sp. 
Orthocladius sp. 

Polvuedilum sp. 

Tanypodinae 

Orthocladiinae 

Chironominae 

Rheotanvtarsus sp. 
Tanvtarsus sp. 

Total # of Individuals 

8 2 

6 

4 

0 1 

5 5 7  
4 36 

4 

4.5 

6 1 

5 
7 
6 

6 1 
6 2 
6 

1 

1 

42 
50 

2 

1 

1 

1 

1 

5 0  63 
47  37 

2 3 2 

1 

1 1 

2 

1 

48 
39 

1 
2 

1 

54 
36 

1 

1 

1 

1 

100 100 100 107 9 6  97  

E - 6  

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
1 
I 

APPENDIX E 

1991 BYLCRSTONE RIVER SURVEY 

BENTHIC MACROINVERTEBmTE DATA 

EPA station # ~ 1 0 6  (River Mile 19.8) 

DWPC station # eS18 

TOLERANCE ROCK BASKETS KICK 'NETS 
VALUE 

ARTHROPODA 
Insecta 
Ephemeroptera (Mayflies) 

Baetidae 
Acentrella sp. 
Baetis sp. 

Heptageniidae 
Stenonemg sp. 

Odonata 
imisoptera (Dragonflies) 
Macromiidae 

Macromia sp. 
zygoptera (Damselflies) 

~~ ~ 

Coenagrionidae 
sp. 

5- sp. 

Megaloptera 
Corydalidae (Dobsonflies) 

sp. 
Corvdalus sp. 

Trichoptera (caddisflies) 

Cheumatopsvche sp. 

Brachvcentrus sp. 

Hydropsychidae 

Brachycentridae 

Coleoptera (Beetles) 

Ancvronvx sp. 

HvdroDsvche sp. 

Elmidae (Riffle Beetles) 

Diptera (True Flies 
Tipulidae (Crane Flies) 
Antocha sp. 
Tiuula sp. 

Chironomidae (Midges) 
Orthocladiinae 
cricotopus sp. 
Orthocladius sp. 
Tvetenia sp. 
Chironominae 
Rheotanytarsus sp. 

4 
6 

3 

2 

6 
8 

4 
0 

5 
4 

0.5 

5 

3 
4 

7 
6 
5 

6 

E - 7  

3 

8 

1 

68 
17 

1 

1 

1 

2 3 4 1 
1 

9 14 17 30 2 5  

1 1 

1 3 
1 1 

7 3  6 3  54 52 49 
13 17 22 15 2 2  

1 1 

1 

1 

1 
1 

1 



llPPENDII E 

BENTEIC MACROINVERTEBRATE DATA (Continued) 

EPA Station # B106 (River Mile 19.8) ' 

DWPC Station I BS18 

TOLERANCE ROCK BASKETS KICK NETS 
VALUE' 

A B C A B C 

MOLLUSCA 
Gastropoda (Snails) 

Mesogastropoda 
Basomatophora 
Physidae 

Phvsella sp. 

Relisoma sp. 
Planorbidae 

Total # of Individuals: 

8 

6 

1 1 

3 4 

100 100 100 104 108 103 

E - 8  

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
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I 
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I 
I 
I 
1 
I 
I 
I 
I 

APPENDIX E 

1991 BLRCXSMNE RIVER SURVEY 

BENTHIC MACROINVERTEBRATE DATA 

EPA Station $ BIOS (River Mile 16.5) 

DWPC Station # BS19 

TOLERANCE ROCK BASKETS KICK NETS 

A B C A B  C 
VALUE 

ARTHROPODA 
Insecta 
Ephemeroptera (Mayflies) 

siphlonuridae 

Baetidae 
Isonvchia sp. 2 9 4 9 1 1 2 

Acentrella sp. 4 2 5 3 2 
Baetis sp. 6 1 3 7 1 

Heptageniidae 
stenonema sp. 3 9 1 4  24 13 2 4  15 

odonata 
zygoptera (Damselflies) 
coenagrionidae 

sp. 

Megaloptera 
corydalidae (Dobsonflies) 

corvdalus sp. 
Nisronia sp. 

Trichoptera (caddisflies) 
Philopotamidae 

chimarra sp. 
Psychomyiidae 

Psvchomvia sp. 
aydropsychidae 

6 1 2 

4 
0 

2 3 2 2 1 
1 2 1 

4 1 2 2 1 

2 1 

5 4 4  32 30 2 9  21 34 
4 2 8  36 21 37 35 31 
3 5 11 2 3 4 3 

6 1 4 4 6 

E - 9  



APPEMDIX E 

BENTHIC MACROINVERTEBRATE DATA (Continued) 

EPA Station # BIDE (River nile 16.5) 

Dwpc Station # BS19 

' TOLERANCE ROCK BASKETS KICK NETS 

A B C  A B C  
VALUE= 

Diptera (True Flies) 
Tipulidae (crane Flies) 
Antocha sp. 

Chironomidae (Midges) 
Orthocladiinae 
Cardiocladius sp. 
cricotows sp. 
Tvetenia sp. 

Parachironomus sp. 
Polveedilum sp. 

1 2 3 

5 1 

5 1 1 

6 1 

6 2 

2 2 1 7 
3 2  

Chironominae 
10 1 

Empididae 
Hemerodromia sp. 

MOLLUSCA 
Pelecypoda (Bivalves) 

Heterodonta 
Sphaeriidae 

suhaerium sp. 

Total # of Individuals 

6 

. .  

E - 1 0  

2 2 

100 100 100 107 109 102 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
0 
I 
I 

APPENDIX E 

1991 BLRCRSTONE RIVER SURVEY 

BEUTEIC MACROINVERTEBRATE DATA 

EPA station # 8109 (River Mile 9.8) 

DWPC Station # BSRI1 

TOLERANCE ROCK BASKETS KICK NETS 

A B  C A B  C 
VALUE 

ARTHROPODA 
Crustacea 
Amphipoda 

Gammaridae 
Gammarus sp. 

Insecta 
Ephemeroptera (Mayflies) 

Baetidae 
acentrella sp. 
Baetis sp. 

Heptageniidae 
Stenonema sp. 

odonata 
Zygoptera (Damselflies) 
Coenagrionidae 

sp. 

Mega1opter.a 
Corydalidae (Dobsonflies) 

Corvdalus sp. 

Trichoptera (Caddisflies) 
Rydropsychidae 

CheimatoDsYche sp. 
HvdraDsvche s p .  
Macrostemum sp. 

Rydroptilidae 
beucotrichia sp. 

Leptoceridae 
Oecetis sp. 

Coleoptera (Beetles) 
Rydrophilidae 
Berosus sp. 

Diptera (True Flies 

Orthocladiinae 
Chironomidae (Midges) 

cricotopus sp. 
Nanocladius sp. 
petenia sp. 

DicrotendiDes sp. 
Chironominae 

GlYPtotendiDes Sp. 
PolvDedilum sp. 
Rheotanvtarsus sp. 

6 1 1 

4 
6 

1 3 1 
1 2 2 

3 6 2 3 12 9 12 

6 1 

4 1 1 1 1 

5 53 52 48  25 22 23 
4 32 39 37 45 50 53 
3 1 

6 

5 1 

1 1 

5 1 1 

7 1 
3 1 
5 1 2 6 8 

8 2 
10 7 5 1 
6 6 
6 2 

. E - 1  1 

1 
6 4 3 
2 1 2 



APPENDIX E 

BENTHIC MACROINVERTEBRATE DATA (Continued) 

EPA Station X BI09 (River Mile 9.8) 

D m c  station # BSRIl 

TOLERANCE ROCK BASKETS KICK NETS 
VALUE 

MOLLUSCA 
Pelecypoda (Bivalves) 

Heterodonta 
sphaeriidae 

suhaerium sp. 

Total # of individuals 

6 

E - 1 2  

1 1 

100 100 100 104 102 103 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
D 
I 
I 
I 
I 
I 



I 
I 
D 
I 
I 
1 
I 
I 
I 
i 
I 
I 
1 
I 
I 
I 
1 
I 
I 

APPENDIX E 

1991 BLACKSTONE RIVER SURVEY 

BENTHIC UACROI~RTEBRATE DATA 

&PA Station ~ 1 0 1 0  (River Mile 0.0) 

DWPC station X BSRIZ 

TOLERANCE ROCK BASKETS KICK NETS 

A B  C A B  C 
VALUE 

Insecta 
Ephemeroptera (Mayflies) 

Bae t idae 
Acentrella sp. 4 2 
saetis sp. 6 1 

Stenonema sp. 3 2 3 1 2 2 
Heptageniidae 

Trichoptera (Caddisflies) 

Cheumatonsvche sp. 
HvdroDsvche sp. 

Hydropsychidae 

Coleoptera (Beetles) 
Elmidae (Riffle Beetles) 
flacronvchus sp. 

Diptera (True Flies) 
Tipulidae (Crane Flies) 
ktocha sp. 

Simuliidae (Black Flies1 
Prosimuliim sp. 

Chironomidae (Midges) 
Orthocladiinae 
Cardiocladius sp. 
cricotoms sp.. 
Nanocladius sp. 
Orthocladius sp. 
Wetenia sp. 

Chironominae 
~~~ ~ 

Glvutotendipes sp. 
Polvuedilum sp. 

MOLLUSCA 
Gastropoda (Snails) 

Mesogastropoda 
Basomatophora 
Planorbidae 

Helisoma sp. 

Pelecypoda (Bivalves) 
Heterodonta 
Sphaeriidae 

Suhaerium 3p. 

Total # of individuals 

5 81 86 83 82 61 72 
4 15 8 8 10 20 18 

5 1 

3 

2 

10 ' 1 
6 

E - 1 3  

1 

1 

1 1 1 
1 5 2 10 5 
1 1 

I 
2 2 

1 1 2 

1 

4 4 

100 100 100 102 102 103 



APPENDIX E 

1991 BUCKSTONE RIVER SURVEY 

BENTHIC I(ACRO1NVERTEBRATE DATA 

EPA Station # 8105:MR (River Mile 25.5/11.1) 

DWeC Station # W02 

TOLERANCE ROCX BASKETS KICK NETS 
VALUE 

ARTHROPODA 
Amphipoda 

Talitridae 
pvalella sp. 8 1 

Insecta 
Ephemeroptera (Mayflies) 

Siphlonuridae 

Baetidae 

Isonvchia sp. 2 28 8 20 

Acentrella sp. 4 
Baetis sp. 6 1 

Stenonema sp. 3 14 4 9 
Heptageniidae 

odonata 
Anisoptera (Dragonflies) 
Aeschnidae 

2 1 Boveria sp. 

Coenasrionidae 
Zygoptera (Damselflies) 

& sp. 6 

Megaloptera 
Corydalidae (Dobsonflies) 

Corvdalus sp. 4 4 2 4 

Trichoptera (Caddisflies) 
Philopotamidae 

Polycentropodidae 
Chimarra sp. 4 21 41 16 

NeurecliDsis sp. 7. 2 .1 3 
Hydropsychidae 2 

Cheumatousvche sp. 5 9 7 15 
RvdroDsvche sp. 12 18 30 30 

Leptoceridae 
oecetis sp. 5 

E - 1 4  

2 1 

23 25 19 

1 1 1 

13 14 11 

1 

1 1 

4 1 2 

10 4 7 

1 1 

4 11 8 
28 25 34 

1 

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
l 
0 
I 
1 
1 
I 
I 



I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
0 
1 
I 
3 
1 
I 
I 
1 
I 

APPENDIX E 

BEUTHIC MACROINVERTEBRATE DATA (Continued) 

EPA station $ BL05:HR (River Hila 25.5/11.1) 

DWPC Station $ MF02 

TOLERANCE ROCK BASKETS KICK NETS 
VALUE 

Lepidoptera (Butterflies 
and Moths) 

Pyralidae 
ParaDovnx sp. 

Coleoptera (Beetles) 
Elmidae (Riffle Beetles) 

Promoresia sp. 

Diptera (True Flies) 

Simulium sp. 
Simuliidaa (Black Flies) 

Chironomidae (Midges) 
Tanypodinae 
Procladius sp. 

Nanocladius sp. 
Orthocladius sp. 
RheocricotoDus sp. 
Tvetenia sp. 

Rhaotanvtarsus sp. 

Orthocladiinae 

Chironorninae 

Total # of individuals 

5 

2 

4 . 5  

9 

3 
6 
6 
5 

6 

E - I 5  

4 

2 

4 5 2 

1 

1 
1 2 

1 
1 6 3 6 

1 2 1 1 4 

100  1 0 0  100  9 9  99  9 5  



APPENDIX E 

1991 BIJLCXSTONE RIVER SURVEY 

BENTHIC HACROINVERTEBRATE DATA 

EPA Station # BIO7:MI (River Mile 13.3/3.0) 

DWPC Station # MI.05 

TOLERANCE ROCK BASXETS* KICK NETS** 
VALUE 

A B  C A B C 

ARTHROPODA 
Insecta 
Ephemeroptera (Mayflies) 

Siphlonuridae 

Baetidae 
Jsonvchia sp. 2 5 7 

Acentrella sp. 

Stenonema sp. 

4 1 
6 6 7 

25 29 

Plecoptera (stoneflies) 
Perlidae 
Acroneuria sp. 0 1 1 

Megaloptera 
Corydalidae (Dobsonflies) 
Corvdalus sp. 4 1 
Nisronia sp. 0 1 

Trichoptera (Caddisflies) 
Philopotamidae 

Hydropsychidae 
Chimarra sp. 4 2 4 

- Cheumatoosvche sp. 5 29 21 
RVdroDsvche sp. 4 27 25 

Coleoptera (Beetles) 
Psephenidae (Water Pennies) 

PseDhenus sp. 4 1 3 

Chironomidae (Midges) 
Chironominae 
Rheotanytarsus sp. 6 2 2 

Total # of individuals 100 100 

* Only two of the three rock basket samples collected at this station were 
**Kick-Net samples collected at this station were not analyzed. 
analyzed. 

. E - 1 6  

1 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
I 
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SEDIMENT OXYGEN DEMAND STUDIES 
OF THE 

BLACKSTONE RIVER 

- SEPTEMBER 1992 

Biology Section 
Environmental Services Division 

U.S. Environmental Protection Agency 
Regional Laboratory 

Lexington, Massachusetts 



INTRODUCnON 

A sediment oxygen demand (SOD) study was undertaken on the 
Blackstone River in central Massachusetts and Rhode Island, between September 1 
and 10, 1992. This investigation was conducted by the U.S. Environmental 
Protection Aeencv (EPA) for the purpose of developing data for the mathematical 
model, QUAL 2E, to determine distinct oxygen regimes in the Blackstone River. 
The a conducted analysis of sediments at ten (10) stations (station #s 92-1, 92-2.4, 
92-2B, 92-3, 92-4, 92-5,92-6, 92-7, 92-8, and 92-9, which extended from Singing Dam in 
Sutton, MA to Albion Dam in Cumberland, RI. 

The method developed by the U.S. Environmental Protection Agency 
Region I Biology Section involves confining a measurable volume of undisturbed 
sediment and overlying water in a core cylinder and measuring the depletion of 
dissolved oxygen over time. Sediment oxygen demand is considered the sum of 
biological and chemical processes that exhibit an oxygen demand by the sediment 
portion of the sample. 

The core sample is collected using a gravity type corer (WILDCO KO, 2402) 
which is equipped with a plunger and a suction flap for use in deep water. In 
shallow water the sample may be collected by manual coring. The acrylic core 
cylinder measures 50.5 centimeters in height and 5.1 centimeters, inside diameter. 
The cylinder is removed from the corer and stoppered at both ends after the 
sediment sample is retrieved. This provides an undisturbed profile of 
benthic sediments and overlying water. 

Since the corer penetrates the subsirate to variable depths depending c!:. 
sediment composition, both the sediment and water column contained >vithii-, the 
core must be precisely measured. Sediment surface area is always a constan: in t3s 
core cylinder. In cases where the sediment is soft or unconsolidated, the cc7rer c:.:+. 
penetrate the sediment entirely. This requir2s that some of the sedin:sn: be 
carefully bled off the bottom of the cylinder. Overlying water n a y  the?. be AL!?,??. x\ 
fi!l the cylinder. T”? iv;iter co!umn depth cv?: the sedin:s!it iz ~c~ j .~ :~ :? ; .  :: :. 

hemrn+xer sampler. Five replicate cores are  ccllxted at each s ? ~ , ~ l e  Ios.?..:~~::~.. 

.. 
. ,  minimam of 35 centimeters. Overlving iyzter is also co!lt-s:s?. ~ 5 i r . c  2 . .  

T ., 

I 
1- 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
Q 
1 
I 
I 
I 



I 
I 
I 
I] 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
P 
I 
I 
I 
I 

Water column respiration or production is evaluated as follo-.vs: Six 300 
rnl BOD bottles are filled at the sample location. Half are fixed in'the fie!d and thsr? 
titrated in the laboratory according to the Winkler method. This establishes ar. 
"Initial Blank" value. The remaining bottles are incubated in a shaded water bath 
for the duration of the SOD test. Upon completion of the test, these are also titrated, 
establishing a "Final Blank" value. Any measured difference between the "Initial" 
and "Final" values are attributed to water column respiration or production and the 
sediment oxygen demand rates are adjusted accordingly. 

The water column height is measured and the cylinder is placed in a 
temperature controlled water bath. Dissolved oxygen is monitored in each of the 
core cylinders simultaneously using an Orbisphere five channel dissolved oxygen 
meter (Model 2601). These five probes are calibrated daily against a Winkler 
standard. The core tops are modified to accept the dissolved oxygen probes. A self- 
contained stirring apparatus on each probe insures adequate flow past the sensing 
head and also gives continuous mixing within the cylinder. Dissolved oxygen 
concentrations within the cylinder are monitored for approximately three to four 
hours and recorded every thirty minutes. This includes a one-half to one hour 
period of temperature stabilization within the cylinder, when necessary. The water 
temperature maintained in the water bath during this survey was 21 3 degrees 
Celsius. This is the approximate temperature to be used in the waste load allocation 
model. 

Oxygen depletion is plotted against tirne. The portion of each graph rvk.er? 
oxygen consumption is constant over time is used in the calculation of the SOD ra ts  



Sediment oxygen demand is calculated using the equation: 

((Oi-Of) - (Bi-Bf)) (V) 
SOD g02/m2/day = (T) 

Oi = initial dissolved oxygen (Do) mg/L 

Of = final DO mg/L 

Bi  = initial DO in bottles mg/L 

Bf = final DO in bottles mg/L 

V = volume of confined water 1x13 

SA = sediment surface area m2 

T = time days 

RESULTS 

I 
1 
I 
I 

Table 1 lists the ten sample locations by station number, the location of ths 
station by town, the approximate distance upstream from Slater hlill, the USGS 
quad sheet on which the station may be located, the mean SOD (sediment osygsn 
demand per gram of oxygen per meter squared per day) for each station cnlcu!a?e6. 

I 
I and a brief description of the sediment type. .. 

I 



I 
I 
I 
I 
I 
I 
0 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

TABLE 1 

Appendix A presents the tables of SOD rate calculations. The mean 
sediment oxygen demand rate of each of five replicates is given at the end of each 
block of station information. A standard deviation for this rate has also been 
calculated. Appendix B includes figures which plot DO and temperature for each 
core over time. Sediment oxygen demand rates for stations 1 - 9 ranged from a low 
of 1.546 g/m2/d at station 5 to a high of 6.026 g/m2/d at station 1. Station locations 
are identified in Figures 1 through 5 in Appendix C. Appendix D lists the raw data 
in tables. 
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I 
I 
0 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

StationNo. 92-1 1 2 3 4 5 

Station No. 92-2A 1 2 3 4 5 



StationNo. 92-2B 1 2 3 4 5 I 
1 
I 
I 
I 
I 
I 

Station No. 92-3 1 2 3 4 5 I 
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I 
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0 
I 
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1 
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2 3 4 5 Station No. 924 1 

1 2 3 4 5 Station No. 92-5 



StationNo. 92-6 1 2 3 4 5 

1 2 3 4 5 Station No. 92-7 
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2 3 4 5 Station No. 92-8 1 

2 3 4 5 Station No. 92-9 1 
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Data from "RIVERDALE POND\SOD92-2A\d" 
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Data from “RICE CITY PONMSOD92-3\d 
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Data from "RICE CITY PONMSOD92-4\d" 
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Data from "MILVILLRSOD92-5\d" 
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Data from "MILVILL iSOD92-t 1" 
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Data from "MANVILLE\SOD92-8\d" 
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Dala from "ALBION \SOD92-%d" 
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APPENDIX C 



Figure 3. Stations 3 & 4. 
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Figure 4. Stations 5 & 6. 





I 
1 
I 
I 
0 
I 
0 
I 
1 
1 
I 
I 
1 
I 
d 
1 
1 
I 
I 

APPENDIX D 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13  
14 
15 
16 
17  
10  
10 
2 0  
21 
2 2  
2 3  
24 
25 
26 
27 
28 
29 
30 
31 
32  
33 
34 
35 
36  
3 7  
3 8  
3 8  
4 0  
41  

l l M E  

Stalion 1 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
1430 

Slalion 2A 
1035 
1105 
1135 
1205 
1235 
1305 
1335 
1405 
1435 

Slalion 2B 
1500 
1530 
1600 
1630 
1700 
1730 
1000 
1830 

Slalion 3 
1040 
1110 
1140 
1210 
1240 
1310 
1340 
1410 
1440 
1510 

MlNUlES 

0 
3 0  
60 
9 0  

120  
150 
100 
210  

’ 2 4 0  

0 
30 
60 
9 0  

120  
150 
180  
210  
2 4 0  

0 
30 
60 
9 0  

120  
150  
180  
210  

0 
30 
6 0  
8 0  

120 
150 
180  
210  
240  
2 7 0  

Dol 

7.050 
6.900 
6.780 
6.650 
6.540 
6.370 
6.250 
6.150 
6.030 

6.700 
6.520 
6.400 
6.200 
6.150 
6.030 
5.910 
5.820 
5.710 

13.330 
12.530 
11.970 
11.570 
11.180 
10.840 
10.450 
10.090 

7.150 
6.770 
6.600 
6.450 
6.330 
6.220 
6.100 
6.010 
3.970 
5.950 

1 EMI’ 1 

22.000 
22.300 
22.500 
22.100 
22.300 
22.500 
22.700 
22.600 
22.700 

20.900 
22.000 
22.400 
22.600 
22.800 
23.200 
22.000 
22.800 
22.900 

23.100 
23.000 
22.600 
22.800 
23.000 
23.400 
23.500 
23.900 

i9 .eoo 
21.800 
22.500 
22.700 
23.000 
22.900 
22.800 
23.100 
23.000 
23.200 

D o 2  

5.750 
5.640 
5.470 
5.280 
5,100 
4.870 
4.640 
4.420 
4.200 

6.700 
6.570 
6.440 
6.320 
6.180 
6.050 
5.900 
5.770 
5.650 

10.570 
10.130 
9.830 
9.600 
9.350 
9,150 
8.920 
0.710 

7.300 
7.200 
7.110 
6.990 
6.090 
6.000 
6.700 
6.610 
6.510 
6:430 

TEMP2 

22.100 
22,400 
22.600 
22,300 
22.300 
22.600 
22.700 
22.700 
22.700 

20,900 
22,000 
22.500 
22.700 
22.900 
23.200 
22,800 
22.800 
22.800 

22,900 
22.800 
22.400 
22.600 
22,900 
23.100 
23.300 
23.600 

19,500 
21.600 
22.400 
22.700 
22.900 
22.700 
22.700 
22,800 
22,900 
23.200 

c o 3  

6 . 6 4 0  
6.360 
6.100 
5.750 
5.420 
5.000 
4.590 
4.210 
3.820 

6.230 
5.700 
5.600 
5.610 
5.530 
5.460 
5.300 
5.330 
5.270 

11.400 
10.750 
10.350 
10.050 
9.780 
9,550 
9.300 
9.070 

7.420 
7.320 
7.210 
7.110 
7.000 
6.910 
6.810 
6.720 
6.630 
6.540 

ILMI’3 

22.100 
22.400 
22.600 
22.300 
22.400 
22.500 
22.800 
22.600 
22.500 

20.600 
2 1 .BOO 
22.400 
22.600 
22.900 
23.100 
22.800 
22.800 
22.900 

23.000 
22.900 
22.500 
22.600 
22,800 
23.100 
23.300 
23.500 

19.500 
21.600 
22.400 
22.700 
22.900 
22,600 
22.600 
22.800 
23.000 
23.200 

lX> 4 

7.200 
6.990 
6.770 
6.530 
6.330 
6.100 
5.900 
5.700 
5.500 

6.040 
5.880 
5.750 
5.630 
5.510 
5.390 
5.270 
5.170 

. 5 . 0 6 0  

11.700 
11.060 
10,020 
10.590 
10.330 
10.070 
9.810 
9.560 

4.680 
4.530 
4.020 
6.460 
5.520 
5.470 
5.420 
5.320 
5,280 
5.170 

l l h t l ~ . l  

2 1 . 0 0 0  
22.200 
22.400 
22.100 
22~200 
22.400 
22.500 
22.500 
22.500 

20.400 
21.700 
22,200 
22.500 
22.700 
22,000 
22.600 
22.600 
22.700 

22,700 
22.700 
22.200 
22.400 
22.600 
23.000 
23.200 
23.500 

19,300 
2 1.300 
22.200 
22.600 
22.800 
22.600 
22.600 
22.600 
22.700 
22,900 

IHI!? 

6 l I U  
5. l lZ0 
5.330 
4.900 
4.530 
4.130 
3,650 
3.240 
2.040 

6.4u0 
6 .400  
6.070 
5.050 
5.400 
5.0u0 
4.690 
4.360 
4.040 

10.040 
10.370 
9.900 

9.400 
9.160 
0.910 
8.670 

7.540 
7.440 

7.160 
7.030 
6.910 
6.790 
6.600 
6.560 
6.450 

9.660 

7.300 

1 L 1.41 5 

2 2  3 0 0  

22 5 0 0  
2 2 , 2 0 0  
2 2 . 3 0 0  
2 2  GO0 
22.700 
2 2 , 6 0 0  
22.600 

20.ZUO 
21.000 
22.300 
72.600 
22,900 
23.200 
22.800 

23.000 

23.100 
23.000 
2 2 . 6 0 0  

22.900 
23.200 
23.400 
23.700 

19.400 
21 .GOO 
22.400 
22.700 
22.900 
22.600 
22.600 
22,000 
22,9011 
23.100 

21 3no 

22.ono 

22.700 



1 
2 
3 
4 
5 
6 
7 

Q 
1 0  
1 1  
12  
13 

15 
16 
1 7  

1 9  
20 
2 1  
2 2  
23  
24  
25  
26  
2 7  
2 8  
29  
30 
3 1  
32 
33 
34 
35 
36 

n 

i 4  

i n  

TIME 

Slalion 4 
1530 
1600 
1630 
1700 
1730 
1000 
1030 

Stalion 5 
1115 
1145 
1215 
1245 
1315 
1345 
1415 
1445 
1515 

Slalion 6 
1500 
1530 
1600 
1630 
1700 
1730 
i n o o  
i n 3 0  

Slalion 7 
1030 
1100 
1130 
1200 
1230 
1300 
1330 

MlNLlTES 

0 
30 
60 
9 0  

120 
150 
i no 

0 
30  
6 0  
90 

120 
150 
180 
210 
240 

0 
30 
60 
9 0  

120 
150 

210 

0 
30 
6 0  
eo 

120 
150 
180  

i n 0  

Do1  

7.250 
6.410 
5.810 
5.390 
5.070 
4.700 
4.570 

8.120 
8.000 
7.840 
7.710 
7.620 
7.520 
7.460 
7.380 
7.330 

13.330 
12.530 
1 1.970 
11.570 

10.840 
10.450 
10.090 

6.120 
5.930 
5.740 

5.390 
5.220 
5.040 

i i . t n o  

5.580 

TEMP 1 

18.900 
21.700 
22.700 
23.000 
23.100 
23.300 
23.400 

20.100 
22.000 
22.500 

22.700 
22.500 
22.700 
22.500 
22.600 

23.100 
23.000 
22.600 
22.900 
23.000 
23.400 
23.500 
23.900 

23.200 
23.000 
23.200 
23.400 
23.500 
23.700 
24.000 

22.noo 

0 0 2  

7.710 
7.630 
7.510 

5.260 
7.130 
7.050 

7.380 

8.110 
8.030 
7.920 

' 7.700 
7.630 
7.520 
7.420 
7.320 
7.230 

10.570 
10.130 

9,600 
9.350 
0.150 
0.920 
0.710 

5.500 
5.300 
5.090 
4.910 
4.720 
4.530 
4.340 

9.830 

AI'PWDIXDI 

lEMP 2 w3 

18.700 
21.000 
22.800 
23.100 
23.200 
23.400 
23.400 

20.400 
22.000 
22.500 
22.800 
22.700 
22.600 
22.700 
22.600 
22.700 

22.900 
22.000 
22.400 
22.600 
22,900 
23.100 
23.300 
23.600 

22.1~00 
22.noo 
23.000 
23.300 
23.400 
23.600 
23.900 

7.430 
7.270 
7.000 
6.750 
6.560 
6.390 
6.260 

0.190 
8.110 
0.000 
7.900 
7.800 
7.700 
7.640 
7.560 
7.500 

11.480 
10.750 
10.350 
10.050 

9.700 
9.550 
9.300 
9.070 

6.230 
5.970 
5.670 
5.430 
5,190 
4.950 
4.700 

TEMP 3 

10.800 

22.000 
23.200 
23.200 
23.500 
23.500 

20.400 
22.100 
22.600 
22.800 
22.700 
22.500 
22.600 
22.600 
22.700 

2 i .noo 

23.000 
22.900 
22.500 
22.600 

23.100 
23.300 
23.500 

22.noo 

22.900 
22.600 
22.800 
23.000 
23.100 
23.300 4.290 
23.500 4.040 

u o 4  

6.910 
6.810 
6.680 
6.560 
6.450 
6.350 
6.200 

0.030 
7.900 
7.760 
7.610 
7.500 
7.400 
7.310 

7.160 

11.700 
11.060 
10.020 
10.590 
10.330 
10.070 
9.010 
9.560 

5.580 
5.310 
5.030 
4.780 
4.530 

4.480 

I t M I ' 4  

10.4uo 
21.700 
22,600 
22.900 
22.900 
22.100 
22,200 

20.100 
21.000 
22.400 
22.700 
22.500 
22.300 
22.400 
22.900 
22.500 

22.700 
22.700 
22.200 
22.400 
22,600 
23.000 
23.200 
23.500 

22.700 
22.600 
22.700 
22.900 
23.000 
23.100 
23.400 

Ln, 5 

G.lili0 

6 680 
6.360 
6.120 
5.190 
5.750 

7.690 
7.500 
7.440 
7.270 
7.150 
7.020 
6.910 
6.800 
6.710 

10.840 
10.370 
8.900 
9.660 
9.400 
9.160 
8,910 

7. u ;' ii 

8.670 

5.340 
5.010 
4.770 
4.550 
4.290 
4.050 
3.820 

1 IIMI' 5 

iu.t inn 
2 1  700 
22.600 
23.000 
23.200 
23 3uu 
23 SOU 

20.000 
21.9ou 
22.500 
22.900 
22.600 
22.500 
22.500 
22.500 
22.600 

23.100 
23.000 
22.600 
22.700 
22,900 
23.200 
23 400 
23.700 

23.300 
22.900 
22.900 
23.100 
23.200 
23.400 
23.700 



1 
2 
3 
4 
5 
6 
7 
0 
8 

1 0  
1 1  
1 2  
1 3  
14  
15  
16  
1 7  
18 
19 

TIME MlNUl ES 

Slaliori 0 
1530 0 
1600 30  
1630 60  
1700 0 0  
1730 120 
1800 150  
1830 I 8 0  

1115 0 
1145 30 
1215 60  
1245 90 
1315 120 
1345 150 
1415 180  
1445 2 1 0  
1515 2 4 0  

Stalion 9 

Dol 1 

7.250 
6.410 
5.810 
5.390 
5.070 
4.780 
4.570 

8.120 
8.000 
7.840 
7.710 
7.620 
7.520 
7.460 
7.300 
7.330 

I tMl’ I m2 TEMP2 Lx) 3 1 LMI’ 3 Lnl .I I I 1.11 ’ 0 1 

10.900 7.710 18.700 7.430 i o . u o n  6 910 10 4011 

22,700 7.510 22.000 7.000 22.000 6.600 22 600 
23.000 7.300 23.100 6.750 23.200 8.560 22.900 
23.100 5.260 23.200 6.560 23.200 6,450 22.900 
23.300 7.130 23.400 6.390 23.500 6.350 22.100 
23.400 7.050 23.400 6.260 23.500 6.200 22.200 

21.700 7.630 21.000 7.270 21 ,000 6.010 z i  7 n n  

20.100 
22.000 
22.500 
22.800 
22.700 
22.500 
22.700 
22.500 
22.600 

8.110 20.400 
8.030 22.000 
7.920 22.500 
7.780 22.800 
7.630 22.700 
7.520 22.600 
7.420 22.700 
7.320 22.600 
7.230 22.700 

8.190 20 400 
8.110 22,100 
8.000 22.600 
7.800 22.900 
7.000 22,700 
7.700 - 22.500 
7.640 22.600 
7.560 22.600 
7.500 22.700 

0.030 20.100 
7.000 21.000 
7.760 22.400 
7.610 22.700 
7.500 22.500 
7.400 22.300 
7.310 22.400 
4.480 22.900 
7.160 22.500 

6 6610 I U  t J t l l l  
7.071) : I1  I O U  
G.GU0 22.t iU0 
6,360 23.000 
6 . 1 2 0  7 3  2 0 0  
5.190 23.30u 
5.750 23.500 

7 . 6 9 0  70 000 
7.580 21.01)u 
7 .440 22.500 
7.270 22.900 
7.150 22.600 
7.020 22 500 
6.910 22.500 
6.000 2 2 . 5 0 0  
6.710 22.600 




