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APPENDIX A

CHEMICAL ANALYSIS REPORT

Source: Chemical Analysis.
San Diego, California
Analytical Testing Inc., 1994 - 1995



)! !\, AndlyticalTechnologies, inc.

ient
‘oject # (NONE)
‘oject Name: (NONE)

NCCOSC RDT&E DIVISION

SAMPLE CROSS REFERENCE

‘I # Client Description Matrix
Pl-1 WATER

P1-2 WATER

P1-3 WATER

Pl-4 WATER

P2-1 WATER

P2-2 WATER

P2-3 WATER

P2~-4 WATER

P5-1 WATER

2 P5-2 WATER
1 P5-3 WATER
2 P5-4 WATER
3 P6-1 WATER
4 P6-2 WATER
5 P6-3 WATER
6 P6-4 WATER
7 P8-1 WATER
8 pP8-~2 WATER
el P8-3 WATER
0 P8-4 WATER
1 Pl-1 SLUDGE
2 Pil-2 SLUDGE
3 P1-3 SLUDGE
4 Pl-~4 SLUDGE
5 P2-1 SLUDGE
6 P2-~2 SLUDGE
7 P2-3 SLUDGE
8 P2-4 SLUDGE
9 P5-~1 SLUDGE
0 P5~2 SLUDGE
1 P5~3 SLUDGE
2 P5~4 SLUDGE
3 P6~1 SLUDGE
4 P6~2 SLUDGE
.5 P6~3 SLUDGE
.6 P6-4 SLUDGE
.7 P8~1 SLUDGE
.8 P8-2 SLUDGE
9 P8-3 SLUDGE
0 P8-4 SLUDGE

~-—TOTALS—~—~
Matrix
SLUDGE

Page 1

Report Date: August 29, 1994

ATI I.D.

# Samples
20

: 408242

16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-RAUG-94
16-RAUG-94
16-AUG-94
16-~AUG-94
16~AUG-94
16~AUG-94
16~AUG-94
16~RUG-94
16~AUG-94
16~AUG-94
16~-AUG-94
16~AUG-94
16~AUG-94
16~AUG-94
16~AUG-94
16~AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16~AUG-94
16-AUG-94
16-RUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94
16-RUG-94
16-AUG-94
16-AUG-94



égAnolyhcolTechnoIogies,Inc. _

Client
Project #
Project Name:

Matrix

WATER

NCCOSC RDTSE DIVISION
(NONE)
(NONE)

ATI STANDARD DISPOSAL PRACTICE

SBMPLE CROSS REFERENCE

~--TOTALS~——

Pagy

Report Date: August 29, 1994
ATI I.D. s 408242

# Samples

20

The sample(s) from this project will be disposed of in twenty-one (21) days £from the date
this report. If an extended storage periocd is required,
department before the scheduled disposal date.

please contact our sample coni



)! *\, AndlyticalTechnologies, Inc.

lient

roject #
roject Name

nalysis

ANALYTICAL SCHEDULE

: NCCOSC RDT&E DIVISION
: (NONE)
: (NONE)

SA 90-3.2 (TOTAL ORGANIC CARBON)

PA 160.3
PA 351.2
PA 365.2
PA 405.1
YA 410.2

(TOTAL SOLIDS)

(TOTAL KJELDAHL NITROGEN)
(TOTAL PHOSPHATE AS PHOSPHORUS)
(BIOCHEMICAL OXYGEN DEMAND)
(CHEMICAL OXYGEN DEMAND)

Page 3

ATI I.D.: 408242

Technique/Description

WALKLEY-BLACK
GRAVIMETIRIC
COLORIMETRIC
COLORIMETRIC
ELECTRODE
TITRATION



)&\7 AnalyficalTechnologies, inc.

Client : NCCOSC RDT&E DIVI
Project # : (NONE)
Project Name: (NONE)

SION

GENERAL CHEMISTRY RESULTS

Sample Client ID

#
1 Pl-1
2 Pl-2
3 P1l-3
4 P1-4
S P2-1
Parameter

BIOCHEMICAL OXYGEN DEMAND
CHEMICAL OXYGEN DEMAND

TOTAL PHOSPHATE AS PHOSPHORUS
TOTAL KJELDAHIL, NITROGEN

TOTAL SOLIDS

Par

ATI I.D.: 40:

Matrix Date Date
Sampled Recei-
WATER 16-AUG—~-94 17-AU:
WATER 16-AUG-94 17-AU:
WATER 16-AUG-94 17-AU:
WATER 16-AUG-94 17-AU
WATER 16-AUG~94 17-AU:
Units 1 2 3 4 5
MG/L <5.0 <5.0 <5.0 <5.0 365
MG/L 344 383 295 310 196
MG/L 0.11 <0.10 <0.10 <0.10 0.16
MG/L 1.1 1.1 1.3 1.3 2.5
MG/L 7210 7360 7250 7020 9510



)! A\ AndlyticolTechnologies, inc.

lient : NCCOSC RDT&E DIVISION
roject # : (NONE)
roject Name: (NONE)

GENERAL CHEMISTRY RESULTS

ATI I.D.:

Page 5

408242

ample Client ID Matrix
#
P2-2 WATER
P2-3 WATER
P2-4 WATER
P5-1 WATER
0 P5-2 WATER
arameter Units 6
IOCHEMICAL OXYGEN DEMAND MG/L 340
HEMICAL OXYGEN DEMAND MG/L. 595
OTAL PHOSPHATE AS PHOSPHORUS MG/L 0.31
OTAL KJELDAHL NITROGEN MG/L 2.2
OTAL SOLIDS MG/L 9980

Date
Sanmpled

Date
Received

16-AUG-94
16-AUG-94
16-AUG-94
16-AUG—-94
16-AUG-94

17-AUG-94
17-AUG-94
17-AUG-94
17-AUG-94
17-aUG-94



)! A\ AndlyticolTechnologies, Inc.

GENERAL CHEMISTRY RESULTS

Par

Client ¢ NCCOSC RDI&E DIVISION
Project # : (NONE) ATI I.D.: 40f
Project Name: (NONE)
Sample Client ID Matrix Date Date

# Sampled Recei:
11 P5-3 WATER 16-AUG-~94 17-AU:
12 P5-4 WATER 16-AUG-94 17-AU:
13 P6~1 WATER 16-AUG-94 17-AU:
14 P6-2 WATER 16-AUG-94 17-RAUc
15 P6-3 WATER 16-AUG-94 17-AUc
Parameter : Units 11 12 13 14 15
BIOCHEMICAL OXYGEN DEMAND MG/L 125 167 63.0 222 153
CHEMICAL OXYGEN DEMAND MG/L 221 753 1300 344 293
TOTAI. PHOSPHATE AS PHOSPHORUS MG/L <0.10 <0.10 0.39 <0.10 0.22
TOTAL KJELDAHL: NITROGEN MG/L 2.6 2.6 2.8 2.5 2.9

TOTAL SOLIDS MG/L 92160 8970 10400 9900 10500



é_&g AnalyticalTechnologies, Inc.

‘lient ¢ NCCOSC RDT&E DIVISION
‘roject # : (NONON
‘roject Name: (NONE)

GENERAL CHEMISTRY RESULTS

S B o 1t o o o T S e Y S e Y o S T T S M S e o i e i e M 4 S VR St B et A s B i S e e

T et e i e D it St S Pt At A Pl S o S Sy i S B R S S S iy it e e Py S Y Al Sy D O D e S U G G S S i U Sl S B ) S PG il U S P kS A S A S A Y i e M S G s S G € S S S oy e S o A e

:ample Client ID Matrix
#
6 P6-4 WATER
7 P8-1 WATER
8 P8-2 WATER
‘9 P8-3 WATER
'0 P8-4 WATER
arameter Units 16
:IOCHEMICAL OXYGEN DEMAND MG/L 88.2
“HEMICAL: OXYGEN DEMAND MG/L 151
+OTAL PHOSPHATE AS PHOSPHORUS MG/L <0.10
rOTAL KJELDAHL. NITROGEN MG/L 2.2
rOTAL SOLIDS MG/L 9920

Page 7
ATI 1I.D.: 408242
Date Date
Sampled Received
16~AUG-94 17-aUG-94
16-AUG-94 17-aUG-94
16-AUG-94 17-aUG~94
16-AUG-94 17-AUG-94
16-AUG~94 17-AUG-94
19 20
311 186
212 151
0.52 0.29
2.6 3.9
11700 11500



égAnolyhcolTechnologies,lnc.

GENERAL CHEMISTRY RESULTS

Pag

Client : NCCOSC RDT&E DIVISION
Project # : (NONE) ATI I.D.: 408
Project Name: (NONE)
Sample Client ID Matrix Date Date

# Sampled Receiv
21 Pl1l-1 SLUDGE 16-AUG-94 17-AUC
22 Pl1-2 SLUDGE 16-AUG-94 17-AUC
23 P1-3 SLUDGE 16-AUG-94 17-AUC
24 Pl-4 SLUDGE 16-AUG-94 17-aUSC
25 P2-1 SLUDGE 16~-AUG-94 17-AUC
Parameter Units 21 22 23 24 25
TOTAL. ORGANIC CARBON (WB) % 0.020 <0.010 0.019 <0.010 0.15



c)&\AngIyﬁc:oi'l'ec:hnologies,lnc
GENERAL CHEMISTRY RESULTS
Page 92
ient : NCCOSC RDT&E DIVISION
oject # : (NONE) ATI I.D.: 408242
oject Name: (NONE)

- -

mple Client ID Matrix Date Date

# Sampled Received
P2-2 SLUDGE 16-AUG-94 17-AUG-94
P2-3 SLUDGE 16-AUG-94 17-AUG-94
P2-4 SLUDGE 16~AUG-94 17-AUG-94
PS5~1 SLUDGE 16-AUG-94 17-AUG~94

' P5~-2 SLUDGE 16-AUG-~94 17-AUG-94

rameter Units 26 27 28 29 30

'TAL, ORGANIC CARBON (WB) % 0.12 0.22 0.16 0.20 0.11



AAnoIyﬁcclTechnologies,Inc.

GENERAL CHEMISTRY RESULIS

Pag:

ATI I.D.: 40:

Client : NCCOSC RDT&E DIVISION
Project # : (NONE)
Project Name: (NONE)
Sample Client ID Matrix Date
# Sampled
31 P5-3 SLUDGE 16~-AUG-924
32 P5-4 SLUDGE 16-AUG~94
33 P6-1 SLUDGE 16-AUG-94
34 P6-2 SLUDGE 16-AUG~-94
35 P6~3 SLUDGE 16-AUG-94
Parameter . Units 31 32 33 34 35
TOTAL ORGANIC CARBON (WB) % 0.11 0.16 0.096 0.25 0.



:)Lﬂg AndlyticciTechnologies, Inc.

GENERAL CHEMISTRY RESULTS

lient : NCCOSC RDT&E DIVISION

roject # : (NONE)

roject Name: (NONE)

ample Client ID Matrix
#

6 P6-4 SLUDGE
7 P8-1 SLUDGE
8 P8-2 SLUDGE
9 P8-3 SLUDGE
9 P8-4 * SLUDGE
arameter Units 36 37 38

'‘OTAL ORGANIC CARBON (WB) % 0.25 0.30 0.27

Date
Sampled

16-AUG~94
16-AUG-94
16-AUG-94
16-AUG-94
16-AUG-94

Page 11

ATI I.D.: 408242

e o iy I e et et S e D o D B S T S Py . S S e S S S e s s o s T

Date
Received

e T At . e T P i S Sy o St s S S o Y S ok A Py S o Y A P B e S ek S e o e S e e D e S e R S A S 2D O B P PR S S S i S e S St S

17-AUG-94
17-AUG-94
17-AUG-94
17-AUG-94
17-AUG-94

o e i s o St Sl S S S S s o Sk S T 0 7 e S B S St B S A T A o ol e P P G R e e A 4 G e et D U T A T S S e S Sl AP P St A D G i S
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éj_._\’ AnalyficolTechnologies, Inc.

GENERAL CHEMISTRY -~ QUALITY CONTROL

Pag:

ATI I.D. : 40:

DUP/MS
Client ¢ NCCOSC RDT&E DIVISION
Project # : (NONE)
Project Name: (NONE)
Parameters REF I.D. Units Sample Dup

Result Result

BIOCHEMICAL OXYGEN DEMAND 408242-04 MG/L <5.0 <5.0
BIOCHEMICAL OXYGEN DEMAND 408242-13 MG/L 63.0 62.3
CHEMICAL OXYGEN DEMAND 408239-01 MG/L 13 11
CHEMICAL OXYGEN DEMAND 408240-01 MG/L <5 <5
CHEMICAL OXYGEMN DEMAND 408219-03 MG/L 22 20
TOTAL RJELDAHL NITROGEN 408282-01 MG/L 0.65 0.70
TOTAIL, KJELDAHL:. NITROGEN 408266-06 MG/L. 0.84 0.88
TOTAL ORGANIC CARBON (WB) 408242-25 % 0.15 0.15
TOTAL ORGANIC CARBON (WB) 408222-06 % 1.5 1.5
TOTAL ORGANIC CARBON (WB) 408242-40 % 0.27 0.25
TOTAL PHOSPHATE AS PHOSPHORUS408156-01 MG/L <0.10 <0.10
TOTAL PHOSPHATE AS PHOSPHORUS408156-04 MG/L <0.10 <0.10
TOTAL. PHOSPHATE AS PHOSPHORUS408244-02 MG/L <0.10 <0.10
TOTAL SOLIDS 408242-20 MG/L 11500 11700
TOTAL SOLIDS 408242-08 MG/L 10400 9760
TOTAL SOLIDS 408242-18 MG/L 12100 11000

RHONOODONOOVNKOMKEKEO

-J

o

(=]

Spiked Spike

Sample Conc R
N/A N/A N
N/a N/A N
N/A N/A N
N/A N/A N
N/A N/A N
1.8 1.0 1
1.8 1.0 9
0.68 0.50 1
1.9 0.50 8
0.76 0.48 1
0.42 0.40 1
0.45 0.40 1
0.47 0.40 1
N/A N/A N
N/A N/A N
N/A N/A N

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



). !\: AnalyticalTechnologies, Inc.

GENERAL CHEMISTRY - QUALITY CONTROL

BLANK SPIKE

Page 13

lient ¢ NCCOSC RDT&E DIVISION
roject # : (NONE) ATI I.D. : 408242
roject Name: (NONE)
arameters Blank Units Blank Spiked Spike %

Spike ID# Result Sample Conc. Rec
JTAL KJELDAHL NITROGEN 49565 MG/L <0.10 1.1 1.0 110
OTAL ORGANIC CARBON (WE) 49476 % <0.010 0.051 0.053 96
OTAL. PHOSPHATE AS PHOSPHORUS 49482 MG/L <0.10 0.45 0.40 113

Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
PD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



) \ i i
& Anofy’ncolTéChl‘lOlogleS, Inc.  comorate Offices 5550 Morehouse Dive San Diego, CA 92121 (619) 456-9141

ATI I.D.: 501244

February 13, 1995

WCCOSC RDT&E DIVISION
53475 STROTHE ROAD RM 267A
SAN DIEGO, CA 92152

®roject Name: SSWD
Project # : (NONE)

~ttention: STACEY CURTIS
Analytical Technologies, Inc. has received the following sample(s):

Date Received Quantity Matrix

January 27, 1995 30 WATER

The sample(s) were analyzed with EPA methodology or egquivalent methods as specified in the
enclosed analytical schedule. The symbol for "less than" indicates a value below the reportable
detection limit. If any flags appear next to the analytical data in this report, please see the
attached list of flag definitions.

The results of these analyses and the guality control data are enclesed. Please note that the
Sample Condition Upon Receipt Checklist is included at the end of this report.

JULIO PAREDES J. KLEINSCHMIDT
PROJECT MANAGER LABORATORY MANAGER




égAnoly’ncolTechnoIogies,Inc.

SAMPLE CROSS REFERENCE

Page 1
Client ¢ NCCOSC RDT&E DIVISION Report Date: February 13, 1995
Project # s (NONE) ATI I.D. : 501244
Project Name: SSWD
ATI # Client Description Matrix Date Collected
] 1 WATER 27-JAN-95
- 2 WATER 27-JAN-95
3 3 WATER 27-JAN-95
4 4 WATER 27-JAN-95
5 5 WATER 27-JAN~-95
6 6 WATER 27-JAN-95
7 7 WATER 27-~JAN-95
8 8 WATER 27-JAN-95
9 9 WATER 27-JAN-95
10 10 WATER 27~JAN-95
11 11 WATER 27-JAN-95
i 12 WATER 27-JAN-95
i3 13 WATER 27-JAN-95
14 14 WATER 27-JAN-95
i5 15 WATER 27~-JAN~-95
16 16 WATER 27~JAN-95
17 17 WATER 27-JAN-95
18 18 WATER 27~JAN-95
19 19 WATER 27~JAN-95
20 20 WATER 27-JAN-95
21 21 WATER 27~JAN-95
22 22 WATER 27~-JAN-95
23 23 WATER 27-JAN-95
24 24 WATER 27-JAN-95
25 25 WATER 27-JAN-95
26 26 WATER 27-JAN-95
27 27 WATER 27-JAN-95
28 28 WATER 27-JAN-95
29 23 WATER 27-JAN-95
30 30 WATER 27-JAN-95
—==TOTALS—~~
Matrix # Samples
WATER 30

The sample(s) from this project will be disposed of in twenty-cne (21) days
contact our

ATI STANDARD DISPOSAL PRACTICE

this report. If an extended storage period is
department before the scheduled disposal date.

required,

please

from the date of
sample

control



)&\,AnolyﬂcolTechnologies,Inc

ANALYTICAL SCHEDULE

Client ¢ NCCOSC RDT&E DIVISION
Project # :+ (NONE)
Project Name: SSWD

Pag-

ATI I.D.: 501

Analysis

Technique/Description

EPA 160.2 (TOTAL SUSPENDED SOLIDS)

EPA 350.1 (AMMONIA AS NITROGEN)

EPA 353.2 (NITRATE-NITRITE AS NITROGEN)
EPA 365.2 (TOTAL PEOSPHATE AS PHOSPHORUS)
EPA 405.1 (BIOCHEMICAL OXYGEN DEMAND)

EPA 415.2 (TOTAL ORGANIC CARBON)

GRAVIMETRIC

COLORIMETRIC

COLORIMETRIC

COLORIMETRIC

ELECTRODE

TOTAL ORGANIC CARBON ANALYZER



é AndlyticalTechnologies, Inc.

GENERAL CHEMISTRY RESULTS

Page 3

Client : NCCOSC RDT&E DIVISION
Project # : (NONE) ATI I.D.: 501244
Project Name: SSWD
Sample Client ID Matrix Date Date

# Sampled Received
1 1 WATER 27-JAN-%5 27~JAN-95
2 2 WATER 27-JAN-95 27~-JAN-95
3 3 WATER 27-JAN-95 27~JAN-95
4 4 WATER 27=-JAN-95 27~JAN-95
5 5 WATER 27-JAN-95 27~JAN-95
Parameter Units 1 2 3 4 5
BIOCHEMICAL OZYGEN DEMAND MG/L <5.0 <5.0 <5.0 <5.0 8.5
AMMONIA AS NITROGEN MG/L - <0.20 - - -
NITRATE-NITRITE AS NITROGEN MG/L - 0.05 - - -
TOTAL PHOSPHATE AS PHOSPHORUS MG/L - <0.10 - - -
TOTAL ORGANIC CARBON MG/L 2.9 2.3 i.5 1.4 1.2
TOTAL SUSPENDED SOLIDS MG/L -~ <20 - - -



):ﬁ !\: AnalyticalTechnologies,inc.

GENERAL CHEMISTRY RESULITS

Pa-

Client ¢ NCCOSC RDI&E DIVISION
Project # : (NONE) ATI I.D.: 50
Project Name: SSWD
Sample Client ID Matrix Date Date

# Sampled Recei .
6 6 WATER 27~-JAN-95 27-JA:
7 7 WATER 27-JAN-95 27-JA°
8 8 WATER 27~-JAN-95 27-J2%
9 9 WATER 27~-JAN-95 27-JA-
10 10 . WATER 27-JAN-95 27-JA°
Parameter Units 6 7 8 9 10
BIOCHEMICAL OXYGEN DEMAND MG/L <5.0 <5.0 <5.0 <5.0 <5.0

TOTAL ORGANIC CAREON MG/L 1.4 1.1 1.6 1.3 1.6



c)$\AncxlyhcoITec:hnolc:gies,Inc

GENERAL CHEMISTRY RESULTS

Page 5

Cliient ¢ NCCOSC RDT&E DIVISION
project # : (NONE) ATI I.D.: 501244
Project Name: SSWD
Sample Client ID Matrix Date Date

# Sampled Received
11 11 WATER 27-JAN-95 27-JAN-95
12 12 WATER 27-JAN~-95 27~-JAN~95
13 13 WATER 27-JAN~-95 27-JAN-95
14 14 WATER 27-JAN-95 27-JAN-95
15 15 WATER 27-JAN-95 27-JAN-95
Parameter Units 11 12 13 14 15
BIOCHEMICAL OXYGEN DEMAND MG/L 8.7 <5.0 <5.0 <5.0 <5.0
AMMONIA AS NITROGEN MG/L - - - <0.20 -
NITRATE~NITRITE AS NITROGEN MG/L - - - 0.05 -
TOTAL PHOSPHATE AS PHOSPHORUS MG/L - - - <0.10 -
TOTAL ORGANIC CARBON MG/L 1.8 1.9 1.9 3.7 1.5
TOTAL SUSPENDED SOLIDS MG/L - - - <20 -



)&k’ AnalyticalTechnologies, Inc.

Client
Project # (NONE)
Project Name: SSWD

NCCOSC RDT&E DIVISION

GENERAL CHEMISTRY RESULTS

Pay

ATI I.D.: 501

Sample Client ID Matrix Date Date

# Sampled Receiv
16 16 WATER 27~-JAN-95 27=-JA:
17 17 WATER 27-JAN-95 27~-JA:
18 18 WATER 27~-JAN-95 27~JA:
19 19 WATER 27~JAN-95 27-JA
20 20 WATER 27~-JAN-95 27-JA:
Parameter Units 16 17 18 19 20
BIOCHEMICAL OXYGEN DEMAND MG/L <5.0 <5.0 <5.0 <5.0 <5.0
AMMONIA AS NITROGEN MG/L - - - <0.20 -
NITRATE-NITRITE AS NITROGEN MG/L, - - - 0.05 -
TOTAL PHOSPHATE AS PHOSPHORUS MG/L - - - <0.10 -
TOTAL ORGANIC CARBON MG/L 2.5 2.0 2.6 2.9 2.1
TOTAL SUSPENDED SOLIDS MG/L - - - 46 -



)! é\l AndlyficolTechnologies, Inc.

GENERAL CHEMISTRY RESULTS

Page 7
-lient ¢ NCCOSC RDT&E DIVISION
‘roject # : (NONE) ATI I.D.: 501244
‘roject Name: SSWD
iample Client ID Matrix Date Date

# Sampled Received

71 21 WATER 27-JAN-95 27~JAN-95
22 22 WATER 27-JAN-95 27~JAN-95
23 23 WATER 27-JAN-95 27-JAN-95
24 24 WATER 27-JAN-95 27-JAN-95
25 25 WATER 27-JAN-95 27-JAN-95
rarameter Units 21 22 23 24 25
BIOCHEMICAL OZYGEN DEMAND MG/L <5.0 <5.0 <5.0 <5.0 <5.0
AMMONIA AS NITROGEN MG/L. - - - - <0.20
NITRATE~-NITRITE AS NITROGEN MG/L - - - - <0.05
TOTAL PHOSPHATE AS PHOSPHORUS MG/L - - - - <0.10
TOTAL ORGANIC CARBON MG/L 2.2 2.2 1.6 1.8 2.0
TOTAL SUSPENDED SOLIDS MG/L = - - - <20



Client

):! !\, AnalyticolTechnologies, inc

Project #
Project Name: SSWD

NCCOSC RDTI&E DIVISION

(NONE)

GENERAL CHEMISTRY RESULIS

ATI I.D.: 501

Sample Client ID Matrix Date Date
# Sampled Recei-.
26 26 WATER 27-JAN-95 27~JA:
27 27 WATER 27-JAN-95 27-J2-
28 28 WATER 27-JAN-95 27~JA°
29 29 WATER 27-JAN-95 27-JA°
30 30 . WATER 27-JAN-95 27-JA:
Parameter Units 26 27 28 29 30
BIOCHEMICAIL OXYGEN DEMAND MG/L <5.0 <5.0 <5.0 <5.0 <5.0
TOTAL ORGANIC CARBON MG/L 1.9 2.5 2.3 3.1 1.9

TOTAL SUSPENDED SOLIDS

MG/L

- <20



)&\AnolyﬁcalTechnologies,Inc

GENERAL CHEEMISTRY - QUALITY CONTROL

DUP/MS
Page 9

Client ¢ NCCOSC RDT&E DIVISION
Project # : (NONE) ‘ ATI I.D. : 501244
Project Name: SSWD
Parameters REF I.D. Units Sample Dup RPD Spiked Spike %

Result Result Sample Conc Rec
AMMONIA AS NITROGEN 501256-01 MG/L <0.20 <0.20 0 1.9 2.0 95
BIOCHEMICAL OXYGEN DEMAND 501244-01 MG/L <5.0 <5.0 0 N/A N/A N/a
BIOCHEMICAL OXYGEN DEMAND 501244-12 MG/L <5.0 <5.0 0 N/A N/A N/A
BIOCHEMICAL OXYGEN DEMAND 501244-21 MG/L <5.0 <5.0 o N/A N/A N/A
NITRATE-NITRITE AS NITROGEN 501244-25 MG/L <0.05 <0.05 ] 1.9 2.0 g5
TOTAL ORGANIC CARBON 501244-02 MG/L 2.3 2.3 o 22.5 20.0 101
TOTAL ORGANIC CARBON 501244-12 MG/L 1.9 1.6 17 21.1 20.0 96
TOTAL ORGANIC CARBON 501244-22 MG/L 2.2 2.2 o 23.3 20.0 106
TOTAL ORGANIC CARBON 501266-01 MG/L 8.8 8.7 1 29.8 20.0 108
TOTAL PHOSPHATE AS PHOSPHORUS 502027-05 MG/L. <0.10 <0.10 0 0.45 0.40 113
TOTAL SUSPENDED SOLIDS 501244-27 MG/L <20 <20 o N/A N/A N/A

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



)&gAnolyhcoITechnologies,lnc.

GENERAL CHEMISTRY - QUALITY CONTROL

Client ¢ NCCOSC RDT&E DIVISION

Project # (NONE)
Project Name: SSWD

ELANK SPIKE

Page

ATI I.D. : 501

Parameters

Blank Units Blank Spiked Spike %

Spike ID# Result Sample Conc. Re

AMMONIA AS NITROGEN 54123 MG/L <0.20 1.9 2.0 95
NITRATE-NITRITE AS NITROGEN 54047 MG/L <0.05 2.0 2.0 10
TOTAL ORGANIC CARBON 54176 MG/L  <0.5 20.9 20.0 ic
TOTAL ORGANIC CARBON 54358 MG/L <0.5 20.8 20 ic
TOTAL ORGANIC CARBON 54359 MG/L <0.5 20.7 20 1cC
TOTAL PHOSPHATE AS PHOSPHORUS 54167 MG/L <0.10 0.44 0.40 11

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
(Sample Result - Duplicate Result)*100/Average Result

RPD (Relative % Difference) =



ACCESSION #: _ S a2y

IN'ITIALS :

g

1 Does this project require special ha.ndlmg accordmg to NEESA YES /
Levels C, D, AFOEHL or CLP protocols? &

If yes, complete a) thru ¢)

a} Cooler temperature
b) pH sample aliqueted: vyes / no / =n/a
e) LOT #'s: -

2 Are custody seals present on cooler?

If yes, are seals intact?
3 Are custody seals present on sample containers?

If yes, are seals intact? @ YES NO
Is there a Chain—of-Custody {coc)? o NO
5 Is the COC" complet S NO
Relinquished: /no Requested analysis 1/y’"s/m: 4
& Is the COC" jin _agreement with the samples rece:.ved? <%S-\ NO
# Samples: o Sample ID‘so Date sampledy’yes/no
Matrix7“ves/no # containers:c¥esyno

NO
NO

Are the samples preserved correctly?

‘\..__./

Is there encugh sample for all the requested analyses? @
Are 2l) samples within holding times for the requested analyses? </§‘=_E?/ NO

=4

Cooler temperature: B0 (olor = Sudls 2odl o toes, <rizrhV oo ///Z

10

11 | Were all sample containers received intact {(ie. not broken, 4 NO
leaking, etc.)?

12 | Are samples requiring no headspace, headspace free? N/A @0»2

13- | Are VOA 1st stickers required? YES

14 | Are there special comments on the Chain of Custody which regquire YES { N/A 7
client contact? [~~~

15 | If vyes, was ATI Project Manager notified? YES NO

Describe "no® items: B3 O72/3 fhee //{//:o/r,wﬂ{*/? F 7 Ao S 45scA
75 YO s S Za ,ﬁié/v §7 Sy P LW
# /f %5 ‘//?Wm}rw?é/ 07 " /&,{éﬂ// ﬁ; &0

Was client contacted? .yes / no

If yes, Date: Name of Person contacted:

Describe actions taken or client instructions:

*Or other representative documents, letters, a.nd/o— ‘or shipping memos




ég AnolyﬁcolTechnologles, INC.  Comporate Offices 5550 Morehouse Drve San Diego, CA 92121 (619) 458-9141

ATI I.D.: 502027

Fe! ruary 13, 1995

NCCOSC RDTE&E DIVISION
53475 STROTHE ROAD RM 2677
SAN DIEGO, CA 92152

Project Name: (NdﬁE)
Project # : (NONE)

Attention: STACY CURTIS
Analytical Technologies, Inc. has received the following sample(s):

Date Received Quantity Matrix

February 02, 1995 5 WATER

The sample(s) were analyzed with EPA methodology or equivalent methods as specified in the
enclosed analytical schedule. The symbol for "less than" indicates a value below the reportable
detection limit. If any flags appear next to the analytical data in this report, please see the
attached list of flag definitions.

The results of these analyses and the quality control data are enclosed. Please note that the
Sample Condition Upon Receipt Checklist is included at the end of this report.

RS
JULIO DES J. EKLEINSCHMIDT
PROJECT MANAGER LABORATORY MANAGER



)! A\, AnalyticalTechnologies, Inc

SAMPLE CROSS REFERENCE
Page 1

Client ¢ NCCOSC RDT&E DIVISION Report Date: February 13, 1995
Project # : (NONE) ATI I.D. s 502027
Project Name: (NONE)

ATI # Client Description Matrix Date Collected
1 P2 WATER 02-FEB-95
2 P5 WATER 02-FEB-95
3 P6 WATER 02~-FEB-95
4 P8 WATER 02-FEB-95
5 PULPER 1-8" WATER 02-~-FEB-95

—~~TOTALS—~~
Matrix # Samples
WATER 5

ATI STANDARD DISPOSAL PRACTICE

The sample(s) from this project will be disposed of in twenty-one (21) days from the date of
this report. If an extended storage period is required, please contact our sample control
department before the scheduled disposal date.



:),A_}gAncxlyﬁco!TeChnologies,lnc

Client t NCCOSC RDT&E DIVISION
Project # ¢ (NONE)
Project Name: (NONE)

ANALYTICAL SCHEDULE

ATI I.D.: 50

Analysis

Technique/Description

EPA 350.1 (AMMONIA AS NITROGEN)

EPA 353.2 (NITRATE-NITRITE AS NITROGEN)
EPA 365.2 (TOTAL PHOSPHATE AS PHOSPHORUS)

COLORIMETIRIC
COLORIMETRIC
COLORIMETIRIC



}&k: AnalyticalTechnologies, Inc

Client :
Project # : (NONE)
Project Name: (NONE)

GENERAL CHEMISTRY RESULTS

NCCOSC RDT&E DIVISION

Page 3

ATI I.D.: 502027

Sample Client ID Matrix Date Date

# Sampled Received
1 P2 WATER 02-FEB-95 02-FEB-~95
2 PS5 WATER 02-FEB-95 02~-FEB-95
3 Pé WATER 02-FEB-95 02-FEB-95
4 P8 WATER 02-FEB-9%5 02-FEB-95
5 PULPER 1-8 WATER 02~FEB-95 02-FEB-95
Parameter Units 1 2 3 4
AMMONIA AS NITROGEN MG/L <0.20 <0.20 <0.20 <0.20 <0.20
NITRATE-NITRITE AS NITROGEN MG/L 0.43 0.15 0.16 <0.05 0.14
TOTAL PHOSPHATE AS PHOSPHORUS MG/L 0.19 0.18 0.21 0.43 <0.10



é_}g AnalyticalTechnologies, inc

GENERAL CHEMISTRY = QUALITY CONTROL

DUP/MS
Par

Client ¢ NCCOSC RDT&E DIVISION
Project # : (NONE) ATI I.D. : 50
Project Name: (NONE)
Parameters REF I.D. Units Sample Dup RPD Spiked Spike

Result Result Sample Conc R:
AMMONIA AS NITROGEN 502028-03 MG/L 7.4 7.3 1 18.0 10.0 1
NITRATE-NITRITE AS NITROGEN 502049-02 MG/L <«<0.05 <0.05 0 2.0 2.0 1
TOTAL PHOSPEATE AS PHOSPHORUS502027-05 MG/L <0.10 <0.10 0 0.45 0.40 1

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



)! !\, AnalyticolTechnologies, inc.

GENERAL CHEMISTRY - QUALITY CONTROL

BLANK SPIKE
Page 5
Client ¢ NCCOSC RDT&E DIVISION
Project # : (NONE) ATI I.D. : 502027
Project Name: (NONE)

Parameters Blank Units Blank Spiked Spike %
Spike ID# Result Sample Conc. Rec
AMMONIA AS NITROGEN 54170 MG/L <0.20 1.9 2.0 95
NITRATE~NITRITE AS NITROGEN 54325 MG/L <0.05 2.0 2.0 1Qa0
TOTAL PHOSPHATE AS PHOSPHORUS 54167 MG/L <0.10 0.44 0.40 110

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Sample Result -~ Duplicate Result)*100/Average Result



. L]
& AnolyTlcofTeChnalogleS, Inc.  Cormporate Offices 5550 Morehouse Drve San Diego, CA 92121 (£19) 458-9141

ATI I.D.: 506082

June 29, 19985

NCCOSC RDT&E DIVISION
53475 STROTHE ROAD RM 2672
SAN DIEGO, CA 92152

Project Name: PRIORITY POLLUTANTS
Project # : (NONE)

Attention: STACY CURTIS
Analytical Technologies, Inc. has received the following sample(s):

Date Received Quantity Matrix

June 08, 1995 2 SOLID

The sample(s) were analyzed with EPA methodology or equivalent methods as specified in the
enclosed analytical schedule. The symbol for "less than” indicates a value below the reportable
detection limit. If any flags appear next to the analytical data in this report, please see the
attached list of flag definitions.

The results of these analyses and the guality contreol data are enclosed. Please note that the
Sample Condition Upon Receipt Checklist is included at the end of this report.

+

JULIO REDES LAN J. EINSCHMIDT
PROJECT MANAGER (&f%ABORAT Y MANAGER



)! A\, AnalyticalTechnologies,inc

SAMPLE CROSS REFERENCE

Page 1
Client : NCCOSC RDT&E DIVISION Report Date: June 29, 1995
Project # : (NONE) ATI I.D. : 506082
Project Name: PRIORITY POLLUTANTS
ATI # Client Description Matrix Date Collected
PULPER PAPER 01 SOLID 08~JUN-95
PULPER PAPER 01/DUPLICATE SOLID 08~JUN-95
~—-TOTALS~—-
Matrix # Samples
SOLID 2

The sample(s) from this project will be disposed of in twenty-one (21) days

this report. If an extended storage period

ATI STANDARD DISPOSAL PRACTICE

is required,

department before the scheduled disposal date.

please

from the date of

contact our sample control



)! !\ AnalyticalTechnologies, inc.

Client

Project #
Project Name:

Analysis

ANALYTICAL SCHEDULE

: NCCOSC RDT&E DIVISION
: (NONE)
PRIORITY POLLUTANTS

ATI I.D.:

Pa

50

EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA
EPA

METHOD 7-2.2,METHODS OF SOIL ANALYSIS(% MOISTURE)

6010
6010
6010
6010
6010
6010
6010
6010
7060
7131
7471
7740
7841
8080
8240
8270
2012
9066

{ANTIMONY)

(BERYLLIUM)

{CHROMIUM)

(COPPER)

(LEAD)

(NICKEL)

(SILVER)

(ZINC)

(ARSENIC)

(CADMIUM)

(NON AQUEOUS MERCURY)

(SELENIUM)

(THALLIUM)

(ORGANOCHLORINE PESTICIDES & PCB’S)
(GC/MS FOR VOLATILE ORGANICS)
(GC/MS FOR SEMIVOLATILE ORGANICS)
(TOTAL CYANIDE)

(PHENOLS, TOTAL)

Technique/Description

INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
INDUCTIVELY COUPLED ARGON PLASMA
ATOMIC ABSORPTION/GRAPHITE FURNACE
ATOMIC ABSORPTION/GRAPHITE FURNACE
ATOMIC ABSORPTION/COLD VAPOR
ATOMIC ABSORPTION/GRAPHITE FURNACE
ATOMIC ABSORPTION/GRAPHITE FURNACE
GC/ELECTRON CAPTURE DETECTOR
GC/MASS SPECTROMETER

GC/MASS SPECTROMETER

COLORIMETRIC

COLORIMETRIC

GRAVIMETRIC



):! Ak. AnalyticolTechnologies, inc.
GENERAL CHEMISTRY RESULTS
Page 3
Client : NCCOSC RDT&E DIVISION
Project # s (NONE) ATI I.D.: 506082
Project Name: PRIORITY POLLUTANTS

Sample Client ID Matrix Date Date

# Sampled Received
1 PULPER PAPER 01 SOLID 08-JUN-95 08~JUN-95
2 PULPER PAPER 0O1/DUPLICATE SQOLID 08-JUN-95 08-~JUN-S85
Parameter Units 1 2
TOTAL CYANIDE MG/XG <0.10 <0.10
% MOISTURE - % 84.4 83.9

PHENOLS, TOTAL MG/XG <0.20 <0.20



)&KAno!yﬁcolTechnologies,lnc‘

GENERAL CHEMISTRY - QUALITY CONTROL
DUP/MS
Pac

Client : NCCOSC RDT&E DIVISION
Project # : {NONE) ATI I.D. 50«
Project Name: PRIORITY POLLUTANTS
Parameters REF I.D. Units Sample Dup RPD Spiked Spike

Result Result Sample Conc R
% MOISTURE 506082-01 % 2.8 2.7 4 N/A N/A N
PHENOLS, TOTAL 506082-02 MG/KG <0.20 <0.20 0 14.2 15.5 9:
TOTAL CYANIDE 506082-01 MG/KG <0.10 <0.10 0 3.0 4.0 7*
TOTAL CYANIDE 506082-02 MG/KG <0.10 <0.10 0 2.8 4.0 7t
% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration

RPD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



é:\,AnolyncoITechnologies,lnc.

GENERAL CHEMISTRY -~ QUALITY CONTROL

BLANK SPIKE
Page 5
Client : NCCOSC RDT&E DIVISION
Project # : (NONE) ATI I.D. : 506082
Project Name: PRIORITY POLLUTANTS

Parameters Blank Units Blank Spiked Spike %
. Spike ID# Result Sample Conc. Rec
PHENOLS, TQTAL 57154 MG/KG <0.20 2.6 2.5 104
TOTAL CYANIDE 56990 MG/KG <0.10 3.8 4.0 95
TOTAL CYANIDE 57017 MG/KG <0.10 3.4 4.1 83

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



)! A\ AnalyticalTechnologies, Inc

METALS RESULTS
Pag

Client : NCCOSC RDT&E DIVISION
Project # : (NONE) ATI I.D.: 506
Project Name: PRIORITY POLLUTANTS
Sample Client ID Matrix Date Date

# Sampled Receiv
1 PULPER PAPER 01 SOLID 08-JUN-95 08-Jur
2 PULPER PAPER 0Ol1/DUPLICATE SOLID 08-JUN-95 08-Ju;
Parameter Units 1 2
SILVER MG/KG <1.0 <1.0
ARSENIC MG/KG <1.0 <1.0
BERYLLIUM MG/KG <0.5 <0.5
CADMIUM MG/KG <0.5 <0.5
CHROMIUM MG/KG <0.5 <0.5
COPPER MG/KG 1.7 <1.0
MERCURY MG/KG <0.25 <0.25
NICKEL MG/KG <1.0 <1.0
LEAD MG/KG <1.5 <1.5
ANTIMONY MG/KG <3.0 <3.0
SELENIUM MG/KG <1.0 <1.0
THALLIUM MG/KG <1.0 <1.0
ZINC MG/KG 5.5 5.8



)‘ !\, AnalyticalTechnologies, Inc.

Client
Project #

Project Name:

NCCOSC RDT&E DIVISION

PRIORITY POLLUTANTS

Parameters

ANTIMONY
ARSENIC
BERYLLIUM
CADMIUM
CHROMIUM
COPPER
LEAD
MERCURY
NICKEL
SELENIUM
SILVER
THALLIUM
ZINC

METALS - QUALITY CONTROL
DUP/MS
Page 7
ATI I.D. 506082
REF I.D. Units Sample Dup RPD Spiked Spike %
Result Result Sample Conc Rec
505309-32 MG/KG <3.0 <3.0 0] 48.0 49.8 96@V
505309-32 MG/KG 1.4 1.5 7 45.8 49.9 &9
505309-32 MG/KG <0.5 <0.5 0 44.5 49.7 90
505309-32 MG/KG <0.5 <0.5% o] 45.6 49.9 91
505309-32 MG/KG 3.5 3.4 3 46.0 49.7 86
505309-32 MG/KG 11.2 12.4 10 70.7 49.7 120
505309-32 MG/KG 5.7 6.3 10 49.9 49.7 89
506114~01 MG/XG 0.54 0.47 14 1.25 1.00 71
505309-32 MG/KG <1.0 <1.0 N/n@s 43.8 49.7 88
505309-32 MG/KG <1.0 <1.0 0 26.5 29.9 87
505309-32 MG/KG <1.0 <1.0 0 46.5 49.7 94
505309-32 MG/KG <1.0 <1.0 0 48.1 49.9 96
505309-32 MG/KG 13.4 14.4 7 57.9 49.7 g0

% Recovery = (Spike Sample Result - Sample Result)}*100/Spike Concentration
(Sample Result - Duplicate Result)*100/Average Result

RPD (Relative % Difference)



)! !\. AnalyticalTechnologies, Inc

METALS - QUALITY CONTROL

BLANK SPIKE
Pag
Client NCCOSC RDT&E DIVISION
Project # ({NONE) ATI I.D. : 50€
Project Name: PRIORITY POLLUTANTS

Parameters Blank Units Blank Spiked Spike 2

Spike ID# Result Sample Conc. R~
ANTIMONY 57011 MG/KG <3.0 46.7 50.0 =
ARSENIC 57029 MG/KG <1.0 45.9 50.0 9z
BERYLLIUM 57011 MG/XKG <0.5 45.9 50.0 9z
CADMIUM - 57033 MG/KG <D.5 47.0 50.0 91
CHROMIUM 57011 MG/KG <0.5 47.3 50.0 9-
COPPER 57011 MG/KG <1.0 47.6 50.0 9L
LEAD 57011 MG/KG <1.5 47.8 50.0 9:
MERCURY 57034 MG/KG <0.25 1.06 1.00 1c
NICKEL 57011 MG/XG <1.0 47.5 50.0 9:
SELENIUM 57027 MG/XG <1.0 26.5 30.0 tH
SILVER 57011 MG/KG <1.0 46.0 50.0 oS-
THALLIUM 57032 MG/XG <1.0 48.0 50.0 £
ZINC 57011 MG/KG <2.0 47.8 50.0 9¢

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Sample Result - Duplicate Result)*100/Average Result



c)éAnolyﬁcoITechnologies,lnc.

GAS CHROMATOGRAPHY RESULTS

Page 9
Test : EPA 8080 (ORGANOCHLORINE PESTICIDES & PCB’S)
Client : NCCOSC RDT&E DIVISION ATI I.D. : 506082
Project # : (NONE)
Project Name: PRIORITY POLLUTANTS
Sample Client 1ID Matrix Date Date Date Dil.
# Sampled Extracted BAnalyzed Factor
1 PULPER PAPER 01 SOLID 08-JUN-95 12-JUN-95 21-JUN-95 1.00
2 PULPER PAPER 01/DUPLICATE SOLID 08~JUN-95 12-JUN-95 21~JUN-95 1.00
Parameter Units 1 2
ALDRIN - MG/KG <0.032 <0.031
ALPHA-BHC MG/XG <0.032 <0.031
BETA-BHC MG/XG <0.032 <0.031
GAMMA~BHC (LINDANE) MG/XKG <0.032 <0.031
DELTA~BHC MG/KG <0.032 <0.031
CHLORDANE MG/KG <0.32 <0.31
2,4-DDD MG/KG <0.064 <0.062
2,4'~DDE MG/KG <0.064 <0.062
2,4°-DDT MG/KG <0.064 <0.062
4,4'-DDD MG/KG <0.064 <0.062
4,4'-DDE MG/KG <0.064 <0.062
4,4'-DDT MG/KG <0.064 <0.062
DIELDRIN MG/KG <0.064 <0.062
ENDOSULFAN I MG/KG <0.032 <0.031
ENDOSULFAN ITI MG/KG <0.064 <0.062
ENDOSULFAN SULFATE MG/KG <0.064 <0.062
ENDRIN MG/KG <0.064 <0.062
ENDRIN KETONE MG /KG <0.064 <0.062
HEPTACHLOR MG /KG <0.032 <0.031
HEPTACHLOR EPOXIDE MG /KG <0.032 <0.031
METHOXYCHLOR MG/KG <0.32 <0.31
TOXAPHENE MG/KG <0.64 <0.62
AROCLOR-1016 MG/KG <0.32 <0.31
AROCLOR~-1221 MG/KG <0.32 <0.31
AROCLOR-1232 MG/KG <0.32 <0.31
AROCLOR-1242 MG/KG <0.32 <0.31
ARQCLOR~-1248 MG/KG <0.32 <0.31
AROCLOR-1254 MG/KG <0.32 <0.31
AROCLOR-1260 MG/KG <0.32 <0.31
SURROGATES

DBC % 75 70



égAnothcol'l'echnologies,lnc.

GAS CHROMATOGRAPHY - QUALITY CONTROL

Test :

Blank I.D. : 35764

Client : NCCOSC RDT&E DIVISION
Project # : (NONE)

Project Name: PRIORITY POLLUTANTS

REAGENT BLANK

EPA 8080 (ORGANOCHLORINE PESTICIDES & PCB‘S)

ATI I.D.

Date Extracted
Date Analyzed

Dil. Factor

LR T

50608

Pags-

2

12-JUN-95
20-JUN-S5

1.00

Parameters Units Results
ALDRIN MG/KG <0.0050
ALPHA-BHC MG/KG <0.0Q50
BETA~-BHC . MG/KG <0.0050
GAMMA-BHC (LINDANE) MG/KG <0.0050
DELTA-BHC MG/KG <0.0050
CHLORDANE MG/KG <0.050
2,4'-DDD MG/KG <0.010
2,4'=-DDE MG/KG <0.010
2,4'~-DDT MG/KG <0.010
4,4’-DDD MG/KG <0.010
4,4'-DDE MG/KG <0.010
4,4°-DDT MG/KG <0.010
DIELDRIN MG/KG <0.010
ENDOSULFAN I MG/KG <0.0050
ENDOSULFAN II MG/KG <0.010
ENDOSULFAN SULFATE MG/KG <0.010
ENDRIN MG/KG <0.010
ENDRIN KETONE MG/KG <0.010
HEPTACHLOR MG/KG <0.0050
HEPTACHLOR EPOXIDE MG/KG <0.0050
METHOXYCHLOR MG/KG <0.050
TOXAPHENE MG/KG <0.10
AROCLOR~-1016 MG/KG <0.050
AROCLOR~-1221 MG/KG <0.050
AROCLOR-1232 MG/KG <0.050
AROCLOR~1242 MG/KG <0.050
AROCLOR~1248 MG/KG <0.050
ARQCLOR-1254 MG/KG <0.050
ARQCLOR~-1260 MG/KG <0.050
SURROGATES

DBC % 74



)! A\ AndlyticolTechnologies, Inc.

GAS CHROMATOGRAPHY - QUALITY CONTROL

MSMSD
Page 11
Test : EPA 8080 (ORGANOCHLORINE PESTICIDES & PCB’S) ATI I.D. : 506082
MSMSD # : 76499 Date Extracted: 12-JUN~95
Client : NCCOSC RDT&E DIVISION Date Analyzed : 20-JUN~95
Sample Matrix : SOIL

Project # : (NONE) REF I.D. : 506082-01
Project Name: PRIORITY POLLUTANTS
Parameters Units Sample Conc Spiked % Dup Dup RPD

Result Spike Sample Rec Spike % Rec
ALDRIN MG/KG <0.0050 0.21 0.19 90 0.17 81 11
GAMMA-BHC (LINDANE) MG/KG <0.0050 0.21 0.15 71 0.15 71 ¢}
4,4'~-DDT MG/KG <0.010 0.43 0.35 81 0.29 67 19
DIELDRIN MG/KG <0.010 0.43 0.34 79 0.2¢9 67 16
ENDRIN MG/KG <0.010 0.43 0.36 84 0.32 74 12
HEPTACHLOR MG/KG <0.0050 0.21 0.17 81 0.15 71 13

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration
RPD (Relative % Difference) = (Spiked Sample Result - Duplicate Spike Result)*100/Average Result



)! Ak AnalyticalTechnologies, Inc

GAS CHROMATOGRAPHY -~ QUALITY CONTROL

BLANK SPIKE

Pag

Test : EPA 8080 (ORGANOCHLORINE PESTICIDES & PCB'’S) ATI I.D. : 506082
Blank Spike #: 57184 Date Extracted: 12-JUN-85
Client : NCCOSC RDT&E DIVISION Date Analyzed : 20-JUN-95
Project # : (NONE) Sample Matrix : SOIL
Project Name : PRIORITY POLLUTANTS
Parameters Units Blank Spiked Spike

Result Sample Conc. R-
ALDRIN MG/KG <0.0050 0.023 0.033 7
GAMMA-BHC (LINDANE) MG/KG  <0.0050 0.024 0.033 7
4,4'-DDT MG/XG <0.010 0.059 0.067 8
DIELDRIN MG/KG <0.010 0.054 0.067 8
ENDRIN MG/KG <0.010 0.057 0.067 8
HEPTACHLOR MG/KG <0.0050 0.027 0.033 8
% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration

RPD (Relative % Difference) = (Spiked Sample - Blank Result)*100/Average Result



& AnalyticalTechnologies, inc

GAS CHROMATOGRAPHY/MASS SPECTROSCOPY RESULTS

Page 13
Test : EPA 8240 (GC/MS FOR VOLATILE ORGANICS)
Client : NCCOSC RDT&E DIVISION ATI I.D. : 506082
Project # : (NONE)
Project Name: PRIORITY POLLUTANTS
Sample Client ID Matrix Date Date Date Dil.
# Sampled Extracted Analyzed Factor
1 PULPER PAPER 01 SOLID 08-JUN-95 09~JUN-95 19-JUN-95 1.00
2 PULPER PAPER 0O1/DUPLICATE SOLID 08-JUN-95 09-JUN-95 19-JUN-95 1.00
Parameter Units 1 2
CHLOROMETHANE MG/XG <0.5 <0.5
VINYL CHLORIDE MG/KG <0.3 <0.3
BROMOMETHANE MG/KG <0.5 <0.5
CHLOROETHANE MG/KG <0.3 <0.3
ACETONE MG/KG 2.1 1.2
1,1-DICHLOROETHENE MG/KG <0.05 <0.05
METHYLENE CHLORIDE MG/KG <0.3 <0.3
CARBON DISULFIDE MG/XKG <0.1 <0.1
TRANS-1,2-DICHLORCETHENE MG/KG <0.05 <0.05
1, 1-DICHLOROETHANE MG/KG <0.05 <0.05
CIS—-1,2-DICHELORQETHENE MG/XG <0.05 <0.05
CHLOROFORM MG/XG <0.05 <Q0.05
2~-BUTANONE (MEK) MG/KG <0.5 <0.5
1,1,1-TRICHLOROETHANE MG/KG <0.05 <0.05
CARBON TETRACHLORIDE MG/KG <0.05 <0.05
1,2-DICHLOROETHANE MG/KG <0.05 <0.05
BENZENE MG/KG <0.05 <0.05
TRICHLOROETHENE MG/XG <0.05 <0.05
1,2-DICHLOROPROPANE MG/KG <0.05 <0.05
BROMODICHLOROMETHANE MG/KG <0.05 <0.05
4-METHYL-2~PENTANONE (MIBK) MG/XG <0.5 <0.5
CI1S-1, 3~-DICHLOROPROPENE MG/KG <0.05 <0.05
TOLUENE MG/KG <0.1 <0.1
TRANS~1, 3-DICHLOROPROPENE MG /KG <0.05% <0.05
2-HEXANONE (MBK) MG/KG <0.5 <0.5
1,1,2~-TRICHLOROETHANE MG/XG <0.05 <0.05
TETRACHLOROETHENE MG/KG <0.05 <0.05
DIBROMOCHLOROMETHANE MG /KRG <0.05 <0.05
CHLOROBENZENE MG/KG <0.05 <0.05
ETHYLBENZENE MG/KG <0.05 <0.05
XYLENES (TOTAL) MG/XKG <0.05 <0.05
STYRENE MG/KG <0.05 <0.05
BROMOFORM MG/KG <0.3 <0.3
1,1,2,2-TETRACHLOROETHANE MG/KG <0.1 <0.1
DICHLORODIFLUOROMETHANE MG/XG <0.5 <D.5
TRICHLOROFLUOROMETHANE MG /KG <0.3 <0.3
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE MG/KG <0.3 <0.3
1,2~-DICHLOROBENZENE MG/XG <0.3 <0.3



& AnalyticalTechnologies, inc

GAS CHROMATOGRAPHY/MASS SPECTROSCOPY RESULTS
Page

Test : EPA 8240 (GC/MS FOR VOLATILE ORGANICS)
Client ¢ NCCOSC RDT&E DIVISION ATI I.D. : 506082
Project # : (NONE)
Project Name: PRIORITY POLLUTANTS
Sample Client ID Matrix Date Date Date Dil.

# Sampled Extracted 2nalyzed Factor
1 PULPER PAPER 01 SOLID 08-JUN-85 (09-JUN-95 19-JUN~95 1.00
2 PULPER PAPER Ol1/DUPLICATE SOLID 08-JUN-95 09-JUN-95 19-JUN-S95 1.00
Parameter Units 1 2
1,3-DICHLOROBENZENE MG/KG <0.3 <0.3
1,4-DICHLOROBENZENE MG/XG <0.3 <0.3
SURROGATES
1,2-DICHLOROETHANE-D4 % 48@H 56@H
TOLUENE-D8 % 49@H 61
BFB % 47@H 57
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ADDITIONAL COMPOUNDS (SEMI-QUANTITATED)

Method : EPA 8240 (GC/MS FOR VOLATILE ORGANICS)
Client : NCCOSC RDT&E DIVISION
Project # : (NONE}

Project Name: PRIORITY POLLUTANTS

SOLID
ATI I.D.: 506082

1 UNKNOWN HYDROCARBON
METHYL ACETATE

2 UNKNOWN HYDROCARBON
METHYL ACETATE

Units

MG/KG 0.3
MG/KG 0.6
MG/KG 0.3
MG/KG 0.7

Page 15
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GAS CHROMATOGRAPHY /MASS SPECTROSCOPY ~ QUALITY CONTROL

REAGENT BLANK

Page
Test : EPA 8240 (GC/MS FOR VOLATILE ORGANICS) ATI I.D. : 506082
Blank I.D. : 35756 Date Extracted: 09-JUN~95
Client : NCCOSC RDT&E DIVISION Date Analyzed : 19-JUN-85
Project # : (NONE) Dil. Factor : 1.00

Project Name: PRIORITY POLLUTANTS

Parameters Units Results
CHLOROMETHANE MG/KG <0.5
VINYL CHLORIDE MG/KG <0.3
BROMOMETHANE . MG/KG <0.5
CHLOROETHANE MG/KG <0.3
ACETONE MG/KG <0.5
1,1-DICHLOROETHENE MG/KG <0.05
METHYLENE CHLORIDE MG/KG <0.3
CARBON DISULFIDE MG/KG <0.1
TRANS-1,2-DICHLOROETHENE MG/KG <0.05
1,1-DICHLOROETHANE MG/KG <0.05
CIS-1,2—-DICHLOROETHENE MG/KG <0.05
CHLOROFORM MG/KG <0.05
2-BUTANONE (MEK) MG/KG <0.5
1,1,1-TRICHLOROETHANE MG/KG <0.05
CARBON TETRACHLORIDE MG/KG <0.05
1,2-DICHLOROETHANE MG/KG <0.05
BENZENE MG/KG <0.05
TRICHLOROETHENE MG/KG <0.05
1,2-DICHLOROPROPANE MG/KG <0.05
BROMODICHLOROMETHANE MG/KG <0.05
4-METHYL-2-PENTANONE (MIBK) MG/KG <0.5
CIsS-1,3-DICHLOROPROPENE MG/KG <0.05
TOLUENE - MG/KG <0.1
TRANS-1, 3-DICHLOROPROPENE MG/KG <0.05
2~-HEXANONE (MBK) MG/KG <0.5
1,1,2-TRICHLOROETHANE MG/KG <0.05
TETRACHLOROETHENE MG/KG <0.05
DIBROMOCHLOROMETHANE MG /KG <0.05
CHLOROBENZENE MG/KG <0.05
ETHYLBENZENE MG/KG <0.05
XYLENES (TOTAL) MG/KG <0.05
STYRENE MG /KG <0.05
BROMOFORM MG/KG <0.3
1,1,2,2-TETRACHLORCETHANE MG/KG <0.1
DICHLORODIFLUOROMETHANE MG /KG <0.5
TRICHLOROFLUOCROMETHANE MG/KG <0.3
1,1,2-TRICHLORO-1,2,2-TRIFLUOROETHANE MG/XG <0.3
1,2-DICELOROBENZENE MG/KG <0.3
1,3-DICHLOROBENZENE MG/KG <0.3
1,4-DICHLOROBENZENE MG/KG <0.3
SURROGATES

1,2~DICHLOROETHANE-D4 % 88
TOLUENE~-DS8 % 91
BFB % g1
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GAS CHROMATOGRAPHY/MASS SPECTROSCOPY - QUALITY CONTROL

REAGENT BLANK
ADDITIONAL COMPOUNDS (SEMI-QUANTITATED)

Page 17
Test : EPA 8240 (GC/MS FOR VOLATILE ORGANICS)
Blank I.D. : 35756 ATI I.D. : 506082
Client : NCCOSC RDT&E DIVISION
Project # : (NONE)

Project Name: PRIORITY POLLUTANTS

Parameters Units Results

NONE DETECTED N/A N/A
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GAS CHROMATOGRAPHY /MASS SPECTROSCOPY - QUALITY CONTROL

MSMSD
Page
Test : EPA 8240 (GC/MS FOR VOLATILE ORGANICS) ATI I.D. : 506082
MSMSD # : 76484 Date Extracted: 09~JUN-95
Client : NCCOSC RDT&E DIVISION Date Analyzed : 19-JUN-395
Sample Matrix : SOIL

Project # : (NONE) REF I.D. : 506082~02
Project Name: PRIORITY POLLUTANTS
Parameters Units Sample Conc Spiked % Dup Dup RF

Result Spike Sample Rec Spike % Rec
1,1-DICHLOROETHENE MG/KG <0.05 2.5 0.81*H 32 0.84*H 34 4
BENZENE . MG/KG <0.05 2.5 1.31*H 52 1.42+*H 57 8
TRICHLOROETHENE MG/KG <0.05 2.5 1.24%H 50 1.33*H 53 7
TOLUENE MG/KG <0.1 2.5 1.49*H 60 1.56*H 62 5
CHLOROBENZENE MG/KG <0.05 2.5 1.60*H 64 1.65*%H 66 3

% Recovery =
RPD (Relative

(Spike Sample Result - Sample Result)*100/Spike Concentration

% Difference) = (Spiked Sample Result — Duplicate Spike Result)*100/Average Re:
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GAS CHROMATOGRAPHY /MASS SPECTROSCOPY -~ QUALITY CONTROL

BLANK SPIKE

Page 1%

Test : EPA 8240 (GC/MS FOR VOLATILE ORGANICS) ATI I.D. : 506082
Blank Spike #: 57172 Date Extracted: 09-JUN-95
Client ¢ NCCOSC RDT&E DIVISION Date Analyzed : 139-JUN-95
Project # : (NONE) Sample Matrix : SOIL
Project Name : PRIORITY POLLUTANTS
Parameters Units Blank Spiked Spike %

i Result _Sample Conc. Rec
1,1-DICHLORCETHENE MG/KG <0.05 1.6 2.5 64
BENZENE . MG/KG <0.05 2.4 2.5 96
TRICHLOROETHENE MG/KG <0.05 2.3 2.5 g2
TOLUENE MG/KG <0.1 2.7 2.5 108
CHLOROBENZENE MG/KG <0.05 2.8 2.5 112
% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration

RPD (Relative % Difference) = (Spiked Sample -~ Blank Result)*100/Average Result
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GAS CHROMATOGRAPHY /MASS SPECTROSCOPY RESULTS

Pags
Test : EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS)
Client : NCCOSC RDT&E DIVISION ATI I.D. : 506082
Project # : (NONE)
Project Name: PRIORITY POLLUTANTS
Sample Client ID Matrix Date Date Date Dil.
# Sampled Extracted Analyzed Facto-
1 PULPER PAPER 01 SOLID 08-JUN-95 12-JUN-95 20-~JUN-95 1.00
2 PULPER PAPER 01/DUPLICATE SOLID 08-JUN-95 12-JUN-95 17-JUN-95 5.00
Parameter Units 1 2
N-NITROSODIMETHYLAMINE MG/KG <0.17 <0.17
PYRIDINE MG/KG <0.17 <0.17
PHENOL MG/KG <0.17 <0.17
ANILINE MG/KG <0.34 <0.34
BIS (2-CHLOROETHYL)ETHER MG/KG <0.17 <0.17
2-CHLOROPHENOL MG /KG <0.17 <0.17
1,3~-DICHLOROBENZENE MG/KG <0.17 <0.17
1,4~-DICHLOROBENZENE MG/KG <0.17 <0.17
BENZYL ALCOHOL MG/KG <0.17 <0.17
1,2-DICHLOROBENZENE MG/KG <0.17 <0.17
2-METHYLPHENOL MG/KG <0.17 <0.17
BIS (2-CHLOROISOPROPYL)ETHER MG/KG <0.17 <0.17
4-METHYLPHENOL MG/KG <0.17 <0.17
N-NITROSO-DI-N-PROPYLAMINE MG/KG <0.17 <0.17
HEXACHLOROETHANE MG/XG <0.17 <0.17
NITROBENZENE MG/KG <0.17 <0.17
ISOPHORONE MG/XG <0.17 <0.17
2-NITROPHENOL MG/KG <0.17 <0.17
2,4-DIMETHYLPHENOL MG/KG <0.17 <0.17
BENZOIC ACID MG /KRG <0.85 <0.85
BIS(2-CHLOROETHOXY ) METHANE MG/KG <0.17 <0.17
2,4-DICHLOROPHENOL MG/KG <0.17 <0.17
1,2,4-TRICHLOROBENZENE MG/XG <0.17 <0.17
NAPHTHALENE MG/KG <0.17 <0.17
4-CHLOROANILINE MG/RG <0.50 <0.50
HEXACHLOROBUTADIENE MG/KG <0.17 <0.17
4-CHLORO-3-METHYLPHENOL MG/KG <0.17 <0.17
2-METHYLNAPHTHALENE MG/KG <0.17 <0.17
HEXACHLOROCYCLOPENTADIENE MG/KG <0.17 <0.17
2,4,6-TRICHLOROPHENOL MG/KG <0.17 <0.17
2,4,5-TRICHLOROPHENOL MG/XKG <0.85 <0.85
2-CHLORONAPHTHALENE MG/KG <0.17 <0.17
2-NITROANILINE MG/KG <0.85 <0.85
DIMETHYLPHTHALATE MG/KG 0.29 <0.17
ACENAPHTHYLENE MG/XG <0.17 <0.17
2,6-DINITROTOLUENE MG/KG <0.17 <0.17
3-NITROANILINE MG/KG <0.85 <0.85

ACENAPHTHENE MG/KG <0.17 <0.17
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GAS CHROMATOGRAPHY/MASS SPECTROSCOPY RESULTS

Page 21
Test : EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS)
Client : NCCOSC RDT&E DIVISION ATI I.D. : 506082
Project # : (NONE)
Project Name: PRIORITY POLLUTANTS
Sample Client ID Matrix Date Date Date Dil.
# Sampled Extracted BAnalyzed Factor
1 PULPER PAPER 01 SOLID 08-~JUN-95° 12-JUN-95 20~-JUN-95 1.00
2 PULPER PAPER 01/DUPLICATE SOLID 08-JUN-95 12-JUN-95 17~JUN-S5 5.00
Parameter Units 1 2
2,4-DINITROPHENOL MG/KG <0.85 <0.85
4-NITROPHENOL MG/KG <0.85 <0.85
DIBENZOFURAN MG/KG <0.17 <0.17
2,4-DINITROTOLUENE MG/KG <0.17 <0.17
DIETHYLPHTHALATE MG /KG <0.17 <0.17
4-CHLOROPHENYL-PHENYLETHER MG/KG <0.17 <0.17
FLUORENE MG/KG <0.17 <0.17
4-NITROANILINE MG/KG <0.85 <0.85
2-METHYL-4, 6-DINITROPHENOL MG/XKG <0.85 <0.85
N-NITROSODIPHENYLAMINE MG/KG <0.17 <0.17
4-BROMOPHENYL-PHENYLETHER MG/KG <0.17 <0.17
HEXACHLOROBENZENE MG/KG <0.17 <0.17
PENTACHLOROPHENOL MG/XG <0.85 <0.85
PHENANTHRENE MG/KG <0.17 <0.17
ANTHRACENE MG/KG <0.17 <0.17
DI-N-BUTYLPHTHALATE MG/KG <0.17 <0.17
FLUORANTHENE MG/KG <0.17 <0.17
PYRENE MG/KG <G.17 <0.17
BUTYLBENZYLPHTHALATE MG /KG <0.17 <0.17
3,3’~DICHLOROBENZIDINE MG/KG <0.34 <0. 34
BENZO{a)}ANTHRACENE MG/XG <0.17 <0.17
CHRYSENE MG/XG <0.17 <0.17
BIS(2-ETHYLHEXYL) PHTHALATE MG/KG <0.17 <0.17
DI-N-OCTYLPHTHALATE MG/KG <0.17 <0.17
BENZO (b ) FLUORANTHENE MG/KG <0.17 <0.17
BENZO (k) FLUORANTHENE MG /KG <0.17 <0.17
BENZO (a) PYRENE MG/KG <0.17 <0.17
INDENO(1,2,3-cd)PYRENE MG/XG <0.17 <0.17
DIBENZ (a,h)ANTHRACENE MG/KG <0.17 <0.17
BENZO(g,h,i)PERYLENE MG/KG <0.17 <0.17
SURROGATES
NITROBENZENE-DS % 76 81
2-FLUOROBIPHENYL % 72 94
TERPEENYL-D14 % 79 79
PHENOL-D6 % 81 83
2-FLUOROPHENOL % 66 68
2,4,6-TRIBROMOPHENOL % 88 98



é&gAF‘O'YTiCOITeCh“dOQiGSAmITIONAL COMPOUNDS (SEMI-QUANTITATED)

Method :
Client : NCCOSC RDT&E DIVISION
Project # : (NONE)

Project Name: PRIORITY POLLUTANTS

EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS)

Pag.
SOLID
ATI I.D.: 506082

Sample Parameters Units Results

1 ALIPHATIC HYDROCARBONS (C-16) MG/KG 2
ALIPHATIC HYDROCARBONS (C-16, C-17) MG/KG 0.6
ALIPHATIC HYDROCARBONS (C-17) MG/KG 0.5
ALIPHATIC HYDROCARBONS (C-18, C-19) MG/KG 0.7
ALIPHATIC HYDROCARBONS (C-20) MG/KG 0.4

2 ALIPHATIC HYDROCARBONS (C-16) MG /KRG 1
ALIPHATIC HYDROCARBONS (C-16, C-17) MG/KG 2
ALIPHATIC HYDROCARBONS (C-17) MG/KG 2
ALIPHATIC HYDROCARBONS (C-18, C-19) MG/XG 2
ALIPHATIC HYDROCARBONS (C-20) MG/KG 1
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GAS CHROMATOGRAPHY /MASS SPECTROSCOPY - QUALITY CONTROL

Test H

Blank I.D. : 35693

Client : NCCOSC RDT&E DIVISION
Project # : (NONE)

Project Name

PRIORITY POLLUTANTS

REAGENT BLANK

EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS)

Page 23
ATI I.D. : 506082
Date Extracted: 12-JUN-~95
Date Analyzed : 15-JUN-95
Dil. Factor : 1.00

Parameters

N~NITROSODIMETHYLAMINE
PYRIDINE

PHENOL

ANILINE
BIS(2~CHLOROETHYL ) ETHER
2~CHLOROPHENOL

1, 3-DICHLOROBENZENE

1, 4-DICHLOROBENZENE

BENZYL ALCOHOL
1,2-DICHLOROBENZENE
2~METHYLPHENOL
BIS(2-CHLOROISOPROPYL)ETHER
4~METHYLPHENOL
N~NITROSO-DI-N~PROPYLAMINE
HEXACHLOROETHANE
NITROBENZENE

ISOPHORONE

2~NITROPHENOL
2,4-DIMETHYLPHENOL

BENZOIC ACID

BIS (2-CHLOROETHOXY ) METHANE
2, 4~DICHLOROPHENOL
1,2,4~-TRICHLOROBENZENE
NAPHTHALENE
4-CHLOROANILINE
HEXACHLOROBUTADIENE
4~CHLORO~3~METHYLPHENGCL
2-METHYLNAPHTHALENE
HEXACHLOROCYCLOPENTADIENE
2,4, 6~TRICHLOROPHENOL

2,4, 5-TRICHLOROPHENOL
2-CHLORONAPHTHALENE
2-NITROANILINE
DIMETHYLPHTHALATE
ACENAPHTHYLENE
2,6-DINITROTOLUENE
3-NITROANILINE
ACENAPHTHENE

2, 4-DINITROPHENOL
4-NITROPHENOL

DIBENZOFURAN

2, 4~-DINITROTOLUENE
DIETHYLPHTHALATE
4~-CHLOROPHENYL~PHENYLETHER
FLUORENE

4-NITROANILINE

— s i e e e e e e e e e e e e
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GAS CHROMATOGRAFPHY /MASS SPECTROSCOPY - QUALITY CONTROL

REAGENT BLANK

Pags
Test : EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS) ATI I.D. : 506082
Blank I.D. : 35693 Date Extracted: 12-JUN-95
Client : NCCOSC RDT&E DIVISION Date Analyzed : 15-JUN-95
Project # : (NONE) Dil. Factor : 1.00

Project Name: PRIORITY POLLUTANTS

Parameters Units Results
2-METHYL~-4,6-DINITROPHENOL MG/KG <(0.85
N-NITROSODIPHENYLAMINE MG/KG <0.17
4--BROMOPHENYL~-PHENYLETHER MG/KG <0.17
HEXACHLOROBENZENE MG/KG <0.17
PENTACHLOROPHENOL MG/KG <0.85
PHENANTHRENE MG/XG <0.17
ANTHRACENE MG/KG <0.17
DI-N~-BUTYLPHTHALATE MG/KG <0.17
FLUORANTHENE MG/KG <0.17
PYRENE MG/KG <0.17
BUTYLBENZYLPHTHALATE MG/KG <0.17
3,3’~-DICHLOROBENZIDINE MG/KG <0.34
BENZO (a ) ANTHRACENE MG /KG <0.17
CHRYSENE MG/KG <0.17
BIS(2-ETHYLHEXYL )PHTHALATE MG/KG <0.17
DI-N~OCTYLPHTHALATE MG/XG <0.17
BENZO (b ) FLUORANTHENE MG/KG <0.17
BENZO (k) FLUORANTHENE MG/KG <0.17
BENZO(a)PYRENE MG /KG <0.17
INDENO(1,2,3-cd)PYRENE MG/KG <0.17
DIBENZ (a, h) ANTHRACENE MG/KG <0.17
BENZO(g,h, i) PERYLENE MG /KG <0.17
SURROGATES

NITROBENZENE-DS % 68
2-FLUOROBIPHENYL % 72
TERPHENYL~D14 % 66
PHENOL-~D6 % 67
2-FLUOROPHENOL % 59
2,4,6-TRIBROMOPHENOQL % 81



)! ﬁk AnalyticalTechnologies, inc

GAS CHROMATOGRAPHY/MASS SPECTROSCOPY - QUALITY CONTROL

REAGENT BLANK
ADDITIONAL COMPOUNDS (SEMI-QUANTITATED)

Page 25
Test : EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS)
Blank I.D. : 35683 ATI I.D. : 506082
Client : NCCOSC RDT&E DIVISION
Project # : (NONE)

Project Name: PRIORITY POLLUTANTS

UNKNOWN HYDROCARBONS MG/KG 0.2
UNKNOWN HYDROCARBONS MG/XKG 0.2
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GAS CHROMATOGRAPHY /MASS SPECTROSCOPY - QUALITY CONTROL

MSMSD
Pag:
Test : EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS) ATI I.D. : 506082
MSMSD # : 76364 Date Extracted: 12-JUN-95
Client : NCCOSC RDT&E DIVISION Date Analyzed : 20-JUN-95
Sample Matrix : SOIL

Project # : (NONE) REF I.D. : 506082-02
Project Name: PRIORITY POLLUTANTS
Parameters Units Sample Conc Spiked % Dup Dup R

Result Spike Sample Rec Spike % Rec
PHENOL MG/XG <0.85 5.0 4.7 94 3.9 78 1
2-CHLOROPHENOL . MG/KG <0.85 5.0 4.0 80 3.3 66 1
1,4-DICHLOROBENZENE MG/KG <0.85 3.3 2.5 76 2.2 67 1
N-NITROSO-DI-N-PROPYLAMINE MG/KG <0.85 3.3 3.3 100 2.7 82 2
1,2,4-TRICHLOROBENZENE MG/KG <0.85 3.3 3.1 %4 2.5 76 2
4-CHLORO~3-METHYLPHENOL MG/KG <0.85 5.0 4.6 92 3.9 78 1
ACENAPHTHENE MG/KG <0.85 3.3 3.9 118 3.2 97 2
4-NITROPHENOL MG/KG <4.3 5.0 3.4 68 2.7 54 2
2,4-DINITROTOLUENE MG/KG <0.85 3.3 2.6 79 2.1 64 2
PENTACHLOROPHENOL MG/KG <4.3 5.0 3.3 66 2.6 52 2
PYRENE MG /KG <0.85 3.3 2.8 85 2.2 67 2

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration

RPD (Relative % Difference) = (Spiked Sample Result - Duplicate Spike Result)*100/Average Re
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GAS CHROMATOGRAPHY/MASS SPECTROSCOPY - QUALITY CONTROL

BLANK SPIKE

Page 27

Test : EPA 8270 (GC/MS FOR SEMIVOLATILE ORGANICS) ATI I.D. : 506082
Blank Spike #: 57065 Date Extracted: 12-JUN-95
Client : NCCOSC RDT&E DIVISION Date Analyzed : 15-JUN-95
Project # : (NONE) Sample Matrix : SOIL
Project Name : PRIORITY POLLUTANTS
Parameters Units Blank Spiked Spike %

Result Sample Conc. Rec
PHENQL MG/KG <0.17 2.7 5.0 54
2-CHLOROPHENOL MG/KG <0.17 3.0 5.0 60
1,4-DICHLOROBENZENE MG/KG <0.17 2.1 3.3 64
N-NITROSO-DI-N-PROPYLAMINE MG/KG <0.17 2.2 3.3 67
1,2,4-TRICHLOROBENZENE MG/KG <0.17 2.3 3.3 70
4-CHLORO-3-METHYLPHENOL MG/KG <0.17 3.2 5.0 64
ACENAPHTHENE MG/KG <0.17 2.5 3.3 76
4-NITROPHENOL MG/KG <0.85 3.6 5.0 72
2,4-DINITROTOLUENE MG /XG <0.17 2.3 3.3 70
PENTACHLOROPHENOL MG/KG <0.85 3.8 5.0 76
PYRENE MG/KG <0.17 2.4 3.3 73

% Recovery = (Spike Sample Result - Sample Result)*100/Spike Concentration

RPD (Relative % Difference)

(Spiked Sample - Blank Result)*100/Average Result
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ABSOLUTE VALUE OF ANALYTE CONCENTRATION IS < CRDL BUT > THE IDL

RESULT BETWEEN IDL AND LOQ

POST DIGESTION SPIKE FOR GFAA OUTSIDE LIMITS AFTER 1:25 DILUTION. SAMPLE REPORTED AT

ORIGINAL CONCENTRATION.

ESTIMATED VALUE DUE TO INTERFERENCE

DUPLICATE INJECTION PRECISION NOT MET

SPIKED SAMPLE RECOVERY NOT WITHIN CONTROL LIMITS

REPORTED VALUE WAS DETERMINED BY METHOD OF STANDARD ADDITIONS

COMPOUND WAS ANALYZED FOR BUT NOT DETECTED

POST DIGESTION SPIKE OUT OF CONTROL LIMITS; SAMPLE ABSORBANCE < 50% OF SPIKE
ABSORBANCE FOR GF/AA

ABSOLUTE VALUE OF ANALYTE CONCENTRATION IS LESS THAN 3 TIMES THE MDL
DUPLICATE ANALYSIS NOT WITHIN CONTROL LIMITS

CORRELATION COEFFICIENT FOR MSA IS LESS THAN 0.995

RESULTS OUTSIDE OF LIMITS DUE TO SAMPLE MATRIX INTERFERENCE

INSUFFICIENT SAMPLE FOR ANALYSIS

DATA IS NOT USABLE

SAMPLE RESULT IS >4X SPIKED CONCENTRATION, THEREFORE SPIKE IS NOT DETECTABLE
RESULT NOT ATTAINABLE DUE TO SAMPLE MATRIX INTERFERENCE

VARIABLE MESSAGE

DETECTION LIMIT ELEVATED DUE TO MATRIX INTERFERENCE

DETECTION LIMIT ELEVATED DUE TO LIMITED SAMPLE FOR ANALYSIS

RPD LIMIT IS 67% FOR INORGANIC RESULTS LESS THAN TEN TIMES THE REPORTING DETECTION

LIMIT

RPD: ONE RESULT ABOVE AND ONE RESULT BELOW REPORTING LIMIT (RL). RESULT ABOVE
SHOULD BE < 5 TIMES RL TO BE IN CONTROL.

PRE-DIGEST SPIKE OUT OF LIMITS. POST DIGESTION SPIKE YIELDED ACCEPTABLE RESULTS
DETECTION LIMIT ELEVATED DUE TO REDUCED SAMPLE WEIGHT

ION BALANCE OUTSIDE OF ATI'S ACCEPTANCE LIMITS; REANALYSIS CONFIRMED ORIGINAL
RESULT

RESULTS VERIFIED BY REDIGESTION AND REANALYSIS

g:\groups\datamgmt\mgmt\flags.doc03/31/95



ANALYTICAL TECHNOLOGIES, INC.
SAN DIEGO
FLAGS

ORGANICS

FLAG MESSAGE DESCRIPTION

o

w7 oC R TIe-mgQOU

*N%NC‘.Q

A TICIS A SUSPECTED ALDOL-CONDENSATION PRODUCT

ANALYTE FOUND IN THE ASSOCIATED REAGENT BLANK

PESTICIDE, WHERE THE IDENTIFICATION WAS CONFIRMED BY GC/MS
THESE COMPOUNDS CO-ELUTE AND AFE QUANTITATED AS ONE PEAK
COMPOUND IDENTIFIED IN AN ANALYSIS AT SECONDARY DILUTION
ANALYTE AMOUNT EXCEEDS THE CALIBRATION RANGE

ESTIMATED VALUE

QUANTIFIED AS DIESEL BUT CHROMATOGRAPHIC PATTERN DOES NOT MATCH
THAT OF DIESEL

QUANTIFIED AS KEROSENE BUT CHROMATOGRAPHIC PATTERN DOES NOT MATCH
THAT OF KEROSENE

QUANTIFIED AS GASOLINE BUT CHROMATOGRAPHIC PATTERN DOES NOT MATCH
THAT OF GASOLINE

PRESUMPTIVE EVIDENCE OF A COMPOUND

PESTICIDE/AROCLOR TARGET ANALYTE, WHERE THERE IS GREATER THAN 25%
DIFFERENCE FOR DETECTED CONCENTRATION BETWEEN 2 GC COLUMNS
COMPOUND DETECTED AT AN UNQUANTIFIABLE TRACE LEVEL

COMPOUND WAS ANALYZED FOR BUT NOT DETECTED

SEE CASE NARRATIVE

SEE CASE NARRATIVE

SEE CASE NARRATIVE

OUTSIDE OF QUALITY CONTROL LIMITS

COMPOUND ANALYZED FROM A SECONDARY ANALYSIS

RESULT OUTSIDE OF ATI'S QUALITY CONTROL LIMITS

RESULT OUTSIDE QUALITY CONTROL LIMITS. INSUFFICIENT SAMPLE FOR RE-
EXTRACTION/ANALYSIS

RESULT OUTSIDE OF LIMITS DUE TO SAMPLE MATRIX INTERFERENCE

BECAUSE OF NECESSARY SAMPLE DILUTION, VALUE WAS QUTSIDE QC LIMITS
DUE TO THE NECESSARY DILUTION OF THE SAMPLE, RESULT WAS NOT ATTAINABLE
ANALYTE IS A SUSPECTED LAB CONTAMINANT

A STANDARD WAS USED TO QUANTITATE THIS VALUE

DATA IS NOT USABLE

SURROGATE RECOVERY IS OUTSIDE QC CONTROL LIMITS. NO CORRECTIVE
ACTION INDICATED BY METHOD

SAMPLE RESULT IS >4X SPIKED CONCENTRATION, THEREFORE SPIKE IS NOT DETECTABLE
RESULT NOT ATTAINABLE DUE TO SAMPLE MATRIX INTERFERENCE

RESULTS OQUT OF LIMITS DUE TO SAMPLE NON-HOMOGENEITY

VARIABLE MESSAGE

RESULT COULD NOT BE CONFIRMED DUE TO MATRIX INTERFERENCE ON THE
CONFIRMATION COLUMN

RESULT MAY BE FALSELY ELEVATED DUE TO SAMPLE MATRIX INTERFERENCE
RESULT OUTSIDE OF CONTRACT SPECIFIED QUALITY CONTROL LIMITS

RESULT OUTSIDE OF CONTRACT SPECIFIED ADVISORY LIMITS

DETECTION LIMIT ELEVATED DUE TO MATRIX INTERFERENCE

RESULT NOT CONFIRMED BY U.V. DUE TO SAMPLE MATRIX INTERFERENCE
RESULT NOT CONFIRMED BY FLUORESCENCE DUE TO SAMPLE MATRIX INTERFERENCE
RESULT QUANTITATED USING FLUORESCENCE ONLY DUE TO THE LOW CONCENTRATION
DETECTION LIMIT ELEVATED DUE TO LIMITED SAMPLE FOR ANALYSIS

RESULT DUE TO TCLP EXTRACTION MATRIX INTERFERENCE. NO QC LIMITS

HAVE BEEN ESTABLISHED

SAMPLE CHROMATOGRAM DOES NOT RESEMBLE COMMON FUEL HYDROCARBON
FINGERPRINTS

SAMPLE CHROMATOGRAM DOES NOT RESEMBLE A FUEL HYDROCARBON

g\groupsidatamgmilmgmt\flage.doc023s



APPENDIX B

PULPED MATERIAL PARTICLE SIZING REPORT

Source: Pulped Material Particle Sizing.
San Diego, California
Environmental Testing Associates (ETA), 1994



Environmental Testing Associates -«

5290 Soledad Rocad  +

San Diego, CA 92109

(619) 272-7747

NUMERICAL SIZE DISTRIBUTION ANALYSIS
(Summary Report)

Client Name: NRaD
Contact : Stacey Curtis

Client Address: NCCOSC RDTE Division, San Diego, CA 92152

Client Project#: Paper sizing
Client Sample # : P2-1 (slides E-H)

Sample Description : White paper slurry (final dilution = 0.00008)

Analysis Requested : Size distribution analysis

Analysis Method : Polarized Light Microscopy

Magnification(x): 50
Scale (um/division): 9.90

Total particles counted: 100

Analysis Date : 9/5/94
ETA Project # : 94-4274

ETA Sample # : 4274-1

HYDRODYNAMIC SIZE DISTRIBUTION AND MORPHOLOGY STATISTICS (all paper particles)

Description Mean Std. Dev. 95% C.L.|Description Mean Std. Dev. 95%C.L.
Hydrodynamic Diameter (um) 183 239 +47 |Fibers/ Structure 140 215 +042
X-Section Diameter (um) 330 520 x102 [Paper Fiber Diameter (um) 21.30 13.22 259
Median (um) 76 Aspect Ratio (all particles) 17.07 10.19 10.04
Mode (size category) =31 Structure Sphericity 0.47 +0.18 0.04
Skewness 2.6 (positive) Surface Area/particle (mm2) 0.28
Kurtosis 7.7 (peaked) Total Surface Area / Volume Ratio 0.01
HYDRODYNAMIC SIZE DISTRIBUTION (um = stated size)
Particle Size (um) <B >8 >16 231 263 2125 >250 =500 21000 >2000 =>4000
Midpoint size (upm) 6 12 23 47 94 188 375 750 1500 3000 >4000
Numerical Count > 100 100 100 92 63 39 21 9 3
Individual Count 8 29 24 18 12 6 3
Individual Numerical % 8.0% 29.0% 24.0% 18.0% 12.0% 6.0% 3.0%
Cumulative Numerical % 8.0% 37.0% 61.0% 79.0% 91.0% 97.0% 100.0%
Estimated Volume (Mass Equivalent) Distribution
Particle Size (um) <8 >8 216 =31 >63 2125 2250 =500 21000 =2000 =>4000
Individual Volume % 0.0% 0.0% 02% 1.8% 7.9% 222% 67.8%
Cumulative Volume % 0.0% 0.0% 0.2% 2.1% 10.0% 32.2% 100.0%
CROSS-SECTION SIZE DISTRIBUTION (um > stated size)
Particle Size (um) <8 >8 216 =31 263 2125 2250 2500 21000 =>2000 =4000
Midpoint size (um) 6 12 23 47 94 188 375 750 1500 3000  >4000
Numerical Count > 100 100 100 92 64 45 32 20 ] 2
Individual Count 8 28 19 13 12 11 7 2
Individual Numerical % 80% 28.0% 19.0% 13.0% 12.0% 11.0% 7.0% 2.0%
Cumulative Numerical % 8.0% 36.0% 550% 68.0% 80.0% 91.0% 98.0% 100.0%
Particle Count Estimated Ave. Hydrodynamic Ave. X-section Ave. Aspect
Category % Volume % Size (um) Size (um) Ratio
paper particle 25.0% 0.0% 38 42 2.2
fiber 68.0% 47.3% 197 367 31.6
bundle 4.0% 3.3% 296 500 11.1
matrix 3.0% 49.3% 926 1667 47.7
non-paper
Analyst : Date : / /




Environmental Testing Associates

5290 Soledad Road .

San Diego, CA 92108 -

(619) 272-7747

Client Name: NRaD

Client Address: NCCOSC RDTE Division, San Diego, CA 92152
Client Project#: Paper sizing

COMPOSITION DISTRIBUTION ANALYSIS

(Summary Report)

Contact : Stacey Curtis

Sampie Description : White paper slurry (final dilution = 0.00008)
Analysis Requested : Size distribution analysis
Analysis Method : Polarized Light Microscopy

Client Sample # : P2-1 (slides E-H)

Analysis Date : 9/5/94
ETA Project # : 94-4274
ETA Sample #: 4274-1

Magnification(x): 50
Scale (um/div.): 9.90

Total particles counted: 100

Particle Numerical Individual Count % = "Hydrodynamic" Stated Size{(um)

Category Count <8 =8 >16 >31 >63 >125 2250 2500 >1000 >2000 >40C
paper particle 25 6% 17% 2%

fiber 68 2% 12% 21% 17% 10% 5% 1%

bundie 4 1% 1% 1% 1%

matrix 3 1% 2%

non-paper

Particle Numerical Cumulative Count % > Stated "Hydrodynamic" Size(pm)

Category Count <8 =8 >16 =31 >63 >125 =250 =500 21000 22000 =>40C
paper particle 25 6%  23% 25%

fiber 68 2% 14% 35% 52% 62% 67% 68%

bundle 4 1% 2% 3% 4%

matrix 3 1% 1% 3%

non-paper

Particle Numerical Individual Count % > "Cross-section” Stated Size(umy)

Category Count <8 =8 216 231 =63 >125 2250 2500 21000 >2000 >40C
paper patrticle 25 6% 17% 2%

fiber 68 2% 1% 16% 12% 12% 9% 5% 1%

bundle 4 1% 1% 1% 1%

matrix 3 1% 1% 1%
non-paper :

Particle Numerical Cumulative Count % = stated "Cross-section" Size(um)

Category Count <8 =8 >16 >31 >63 >125 >250 =500 =>1000 =>2000 =>40C
paper pariicle 25 6%  23% 25%

fiber 68 2% 13% 29% 41% 53% 62% 67% 68%

bundie 4 1% 2% 2% 3% 4%

matrix 3 1% 2% 3%
non-paper

Particle Nommalized Individual Hydrodynamic Normalized Count % < maximum stripped size <2000
Category Count <8 =8 216 >31 >63 2125 2250 2500 21000 =>2000 =>40C
paper patrticle 25 6% 17% 2%

fiber 68 2% 12% 21% 17% 10% 5% 1%

bundle 4 1% 1% 1% 1%

matrix 3 1% 2%

non-paper

Numerical percent of distribution <2o00um = 100%

* Specific Cravity and thickness to diameter ratios utilized in mass / volume calculations.

Category paper particle fiber bundle matrix non-paper

Thickness : diameter ratio 0.80 1.00 0.75 0.50 6.70

Specific Gravity 1.40 1.40 1.40 1.40 1.40




Environmental Testing Associates

e 5290 Soledad Road -« San Diego, CA 92108 - (618) 272-7747

Client Name:

Client Project#:

ETA Project # :
Sample Description :
Analysis Requested :

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA Page 1
NRaD

Paper sizing Client Sample # : P2-1 (slides E-H)
94-4274 ETA Sample # : 4274-1

White paper slurry (final dilution = 0.00008)
Size distribution analysis

Analysis Method : Polarized Light Microscopy
Magnification(x): 50 Total particles counted: 100

Conversion (um / div.) : 9.90
Particle Particle Length Structure  Fiber |Thickness # of fibers X-section  Hydro. Aspect Particle  Surface Sur.Area/
Number Type {um) Dia.(um) Dia.(um) {(um) instruc. Dia (um) Dia.{um) Ratio Sphericity Area(mm2) Vo!. Ratio
1 f 119 20 20 20 1 69 65 6.0 0.55 0.013 0.092
2 f 119 20 20 20 1 69 65 6.0 0.55 0.013 0.092
3 f 1188 20 20 20 1 604 303 60.0 0.26 0.289 0.020
4 b 1782 297 20 134 9 1040 576 6.0 0.32 1.042 0.010
5 f 1485 20 20 20 1 752 352 75.0 0.24 0.390 0.017
8 f 624 30 30 30 1 327 226 21.0 0.36 0.161 0.027
7 f 89 30 30 30 1 59 62 3.0 0.69 0.012 0.097
8 f 693 15 15 15 1 354 192 46.7 0.28 0.116 0.031
e] f 5940 40 40 40 1 2590 1118 150.0 0.19 3.927 0.005
10 f 3119 40 40 40 1 1579 728 78.8 0.23 1.663 0.008
11 f 1188 20 20 20 1 604 303 60.0 0.26 0.289 0.020
12 p 30 15 15 12 1 22 20 2.0 0.68 0.001 0.295
13 p 30 20 20 16 1 25 22 1.5 0.75 0.002 0.268
14 f 930 20 20 20 1 505 269 50.0 0:27 0.227 0.022
15 f 118 20 20 20 1 &89 65 6.0 0.55 0.013 0.092
16 f 119 20 20 20 1 89 65 6.0 0.55 0.013 0.092
17 f 2475 40 40 40 1 1257 624 62.5 0.25 1.222 0.010
18 f 248 5 5 5 1 126 67 50.0 0.27 0.014 0.089
18 f 594 20 20 20 1 307 191 30.0 0.32 0.115 0.031
20 p 59 20 20 16 1 40 35 3.0 0.60 0.004 0.189
21 p 30 30 30 24 1 30 26 1.0 0.86 0.002 0.234
22 f 594 20 20 20 1 307 191 30.0 0.32 0.115 0.031
23 f 149 20 20 20 1 84 76 7.5 0.51 0.018 0.079
24 f 248 20 20 20 1 134 107 125 0.43 0.036 0.056
25 f 80 10 10 10 1 30 29 5.0 0.58 0.003 0.207
26 f 743 20 20 20 1 381 222 375 0.30 0.155 0.027
27 m 2970 990 40 416 21 1980 1185 3.0 0.39 4.180 0.005
28 f 69 10 10 10 1 40 36 7.0 0.52 0.004 0.166
29 f 50 10 10 10 1 30 29 5.0 0.58 0.003 0.207
30 f 50 20 20 20 1 35 36 2.5 0.74 0.004 0.165
31 o] 119 40 40 32 1 79 7 3.0 0.60 0.018 0.085
32 o] 89 20 20 16 1 54 47 4.5 0.52 0.007 0.128
33 f 89 15 15 15 1 52 49 8.0 0.85 0.008 0.122
f 228 10 10 10 1 119 80 23.0 0.35 0.020 0.075
f 79 20 20 20 1 50 &0 4.0 0.63 0.008 0.120
p 69 30 30 24 1 50 45 2.3 0.65 0.006 0.133
37 p 79 30 30 24 1 54 49 2.7 0.62 0.008 0.122
38 p 69 30 30 24 1 50 45 2.3 0.65 0.006 0.133
39 f 1188 79 79 79 1 634 482 15.0 o041 0.729 0.012
40 f 347 79 79 79 1 213 212 44 0.61 0.141 0.028

Note: Thickness measurements are based on estimated thickness to diameter ratios for each structure type.

Structure Type Codes

o] paper particle m matrix
i fiber n non-paper
b bundie




Environmental Testing Associates = 5290 Soledad Road < San Diego, CA82109  «  (619) 272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA Page 2
Client Name: NRaD
Client Project#: Paper sizing Client Sample # : P2-1 (slides E-i
ETA Project # : 94-4274 ETA Sample # : 4274-1
Particle Particle Length Structure  Fiber [Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area
Number Type {um) Dia.{pm) Dia.(um)] (um) instruc. Dia.(um) Dia.(um) Ratio Sphericity Area(mm2]} Vol. Raii:
41 ot 99 30 30 30 1 64 66 33 067 0014  0.08
42 f 297 10 10 10 1 153 96 30.0 0.32 0.029 0.0
43 f 149 10 10 10 1 79 60 15.0 0.41 0.011 0.1¢
44 f 396 30 30 1 213 167 13.3 0.42 0.088 0.0C
45 f 267 20 20 1 144 112 13.6 0.42 0.040 0.05
46 p 20 20 20 16 1 20 17 10 0.86 0.001 0.3~
47 f 1584 20 20 20 1 802 368 80.0 0.23 0.425 0.01
48 b 1188 59 15 45 4 624 361 20.0 0.30 0.410 0.01
49 f 208 20 20 20 1 114 g5 10.5 0.46 0.028 0.06
50 f 842 20 20 20 1 431 241 425 0.29 0.183 0.0Z
5t m 1188 59 30 45 3 624 361 200 0.30 0.410 0.01
§2 P 30 30 30 24 1 30 26 i0 0.86 0.002 0.22
83 f 376 20 20 20 1 198 141 190 0.37 0.062 0.04
54 p 40 20 20 16 1 30 27 20 0.68 0.002 02~
55 f i) 20 20 20 1 59 58 50 0.58 0.011 0.1¢
56 f 99 20 20 20 1 59 58 5.0 0.58 0.011 o.1C
57 f 129 30 30 30 1 79 79 4.3 0.61 0.020 0.0«
58 m 4752 40 30 59 4 2396 1262 120.0 0.27 5.007 0.0C
59 p 50 40 40 32 1 45 40 1.3 0.80 0.005 0.1%
60 f 891 20 20 20 1 455 251 45.0 0.28 0.197 0.02
61 f 149 15 15 16 1 82 69 100 0.46 0.015 0.08
62 f 198 10 10 10 1 104 73 20.0 0.37 0.017 0.0%
63 f 1485 20 20 20 1 752 352 75.0 0.24 0.390 0.01
64 f 693 20 20 20 1 356 212 35.0 0.31 0.141 0.0z
65 f 644 10 10 10 1 327 160 65.0 0.25 0.080 0.02
66 f 297 15 16 15 1 156 108 200 0.37 0.038 0.05
67 f 842 20 20 20 1 431 241 425 0.29 0.183
68 P 50 40 40 32 1 45 40 1.3 0.80 0.005

69 f 495 20 20 20 1 257 169 250 0.34 0.090 0.0z
70 f 99 20 20 20 1 59 58 50 0.58 0.011 0.1C
71 p 50 40 40 32 1 45 40 1.3 0.80 0.005 0.1%
72 p 79 20 20 16 1 50 43 4.0 0.54 0.006 0.1
73 f 3069 30 30 30 1 1549 654 103.3 o1 1.344 0.0C
74 f 99 8 8 8 1 53 43 12.5 0.43 0.006 0.14
75 f 1218 10 10 10 1 614 245 123.0 0.20 0.188 0.0-
76 f 178 8 8 8 1 93 63 225 0.35 0.013 0.0
77 p 50 20 20 16 1 35 31 25 063 0.003 0.1%
78 f 347 20 20 20 1 183 133 17.5 0.39 0.056 0.c-
79 p 59 20 20 16 1 40 35 3.0 0.60 0.004 0.1¢
80 P 89 20 20 16 1 54 47 45 0.52 0.007 0.1~
81 P 50 20 20 16 1 35 31 25 0.63 0.003 0.1
82 f 3515 30 30 30 1 1772 716 118.3 0.20 1.610 0.0C
83 f 2277 30 30 30 1 1153 536 767 0.24 0.903 0.01
84 f 396 10 10 10 1 203 116 400 0.28 0.042 0.G.

85 f 446 10 10 10 1 228 125 45.0 0.28 0.049 0.0-

86 b 396 30 8 18 3 213 119 133 0.30 0.044 0.G.
87 f 475 20 20 20 1 248 165 240 0.35 0.085 0.




Environmental Testing Associates + 5290 Soledad Road  +  San Diego, CA92109  +  (619) 272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA Page 3

Client Name: NRaD

Client Project#: Paper sizing Client Sample # : P2-1 (slides E-H)
ETA Project # : 94-4274 ETA Sample # : 42741
Particle Particle Length Structure  Fiber |[Thickness # of fibers X-section  Hydro. Aspect Particle  Surface Sur.Area/
Number Type (pm) Dia.(um) Dia.(um) | (um) instruc. Dia.(um) Dia.{um) Ratio Sphericity Area(mm2) Vol. Ratio
88 b 208 40 20 45 3 124 129 5.3 0.62 0.053 0.046
89 p 50 40 40 32 1 45 40 1.3 0.80 0.005 0.152
20 f 89 15 15 15 1 52 49 6.0 0.55 0.008 0.122
o1 f 218 10 10 10 1 114 78 220 0.36 0.019 0.077
92 p 50 30 30 24 1 40 36 1.7 0.73 0.004 0.167
93 f 149 20 20 1 84 76 7.5 0.51 0.018 0.079
94 p 50 30 24 1 40 36 1.7 0.73 0.004 0.167
95 f 1564 50 50 50 1 807 495 316 0.32 0.769 0.012
96 f 10 10 10 1 54 46 10.0 0.46 0.007 0.131
97 f 119 20 20 20 1 69 65 6.0 0.55 0.013 0.092
o8 p 99 40 40 32 1 69 83 2.5 0.63 0.012 0.085
99 p 50 30 30 24 1 40 36 1.7 073 0.004 0.167
100 f 891 30 30 30 1 460 287 30.0 032 0.258 0.021




Environmental Testing Associates  + 5290 Soledad Road  «  San Diego, CA92109 -  (619)272-7747

NUMERICAL SIZE DISTRIBUTION ANALYSIS
(Summary Report)

Client Name: NRaD Analysis Date : 9/5/94
Contact : Stacey Curtis ETA Project # : 94-4274
Client Address: NCCOSC RDTE Division, San Diego, CA 92152 ETA Sample # : 4274-3
Client Project#: Paper sizing
Client Sample # : P5-1
Sample Description : Brown paper / cardboard
Analysis Requested : Size and shape distribution analysis
Analysis Method : Polarized Light Microscopy
Magnification(x): 50
Scale (um/division): 9.90
Total particles counted: 100

HYDRODYNAMIC SIZE DISTRIBUTION AND MORPHOLOGY STATISTICS (all paper particles)

Description Mean Std. Dev. 95% C.L.jDescription Mean Std.Dev. 95%C.L.
Hydrodynamic Diameter (um) 192 1245 148 |Fibers/ Structure 155 +3.74 10.73
X-Section Diameter (um) 358 529  +104 |Paper Fiber Diameter (um) 23.52 +19.90 £3.90
Median (um) 84 Aspect Ratio (all particles) 18.02 $0.18 +0.04
Mode (size category) =31 Structure Sphericity 0.44 1018 +0.04
Skewness 2.9 (positive) Surface Area/particle (mm2) 0.30
Kurtosis 10.9 (peaked) Total Surface Area / Volume Ratio 0.01
HYDRODYNAMIC SIZE DISTRIBUTION (um > stated size)
Particle Size (pm) <8 28 >16 231 263 >125 >250 =500 21000 22000 =>4000
Midpoint size (um) 6 i2 23 47 94 188 375 750 1500 3000 >4000
Numerical Count > 100 100 100 99 66 37 22 13 1
Individual Count 1 33 29 15 9 12 1
Individual Numerical % 1.0% 33.0% 29.0% 15.0% 9.0% 120% 1.0%
Cumulative Numerical % 1.0% 34.0% 63.0% 78.0% 87.0% 99.0% 100.0%
Estimated Volume (Mass Equivalent) Distribution
Particle Size (um) <8 >8 216 231 >63 2125 2250 =500 21000 =>2000 24000
Individual Volume % 0.0% 0.0% 0.2% 1.2% 4.6% 44.4% 49.5%
Cumulative Volume % 0.0% 0.0% 0.3% 1.5% 6.1% 50.5% 100.0%

CROSS-SECTION SIZE DISTRIBUTION {um > stated size)

Particle Size (um) <8 >8 216 231 263 >125 2250 >500 =1000 =2000 =4000
Midpoint size (pm) 6 12 23 47 94 188 375 750 1500 3000 >4000
Numerical Count > 100 100 100 99 74 46 33 19 14 2

Individual Count 1 25 28 13 14 5 12 2

Individual Numerical % 1.0% 25.0% 28.0% 13.0% 14.0% 50% 12.0% 2.0%
Cumulative Numerical % 1.0% 26.0% 54.0% 67.0% 81.0% 86.0% 98.0% 100.0%

Particle Count Estimated Ave. Hydrodynamic Ave. X-section Ave. Aspect
Category % Volume % Size (um) Size (um) Ratio

paper particle 27.0% 0.2% 61 69 2.6

fiber 67.0% 42.4% 213 433 42.8

bundle 1.0% 4.9% 740 1460 13.8

matrix 5.0% 52.6% 497 708 5.6
non-paper

Analyst : Date : / /




Environmental Testing Associates 5290 Soledad Road - San Diego, CA92109 -

(618) 272-7747

COMPOSITION DISTRIBUTION ANALYSIS

(Summary Report)
Client Name: NRaD Analysis Date : 9/5/94
Contact : Stacey Curtis ETA Project # : 94-4274
Client Address: NCCOSC RDTE Division, San Diego, CA 82152 ETA Sample # : 4274-3

Client Project#: Paper sizing Client Sample # : P5-1

Sample Description : Brown paper / cardboard
Analysis Requested : Size and shape distribution analysis
Analysis Method : Polarized Light Microscopy

Magnification(x): 50
Scale (um/div.): 9.90

Total particles counted: 100

Particle Numerical Individual Count % 2 "Hydrodynamic" Stated Size(um) -
Category Count <8 28 216 231 =63 >250 2500 >1000 =>2000 =400
paper particle 27 20% 5%

fiber 67 1% 11% 24% 9% 10%

bundle 1 1%

matrix 5 2% 1% 1%

non-paper

Particle Numerical Cumulative Count % > Stated "Hydrodynamic" Size(um) -
Category Count <8 >8 >16 231 >63 >250 2500 >1000 =>2000 >40Dr
paper particle 27 20% 25% ) ’

fiber 67 1% 12% 36% 57% 67%

bundie 1 1%

matrix 5 2% 2% 3% 4% 5%

hon-paper

Particle Numerical Individual Count % > "Cross-section" Stated Size(um)

Category Count <8 =8 >16 23 >63 =250 2500 =>1000 =>2000 =240C
paper particle 27 19% 6% i N
fiber 67 1% 6% 20% 13% 5% 10% 1%

bundle 1 1%

matrix 5 2% 1% 1% 1%
non-paper )

Particle Numerical Cumulative Count % > stated "Cross-section” Size(um) .
Category Count <8 >8 >16 231 263 2250 2500 =>1000 =>2000 =>40C
paper particle 27 19% 25%

fiber 67 1% 7% 27% 51% 56% 66% 67%

bundle 1 1%

matrix 5 2% 3% 3% 4% 5%
non-paper

Particle Normalized Individual Hydrodynamic Normalized Count % < maximum stripped size <2000u11
Category Count <8 =8 216 >31 263 >250 2500 >1000 >2000 >40C
paper particle 27 20% 5%

fiber 67 1% 1% 24% 9% 10%

bundle 1 1%

matrix 5 2% 1% 1%

non-paper

Numerical percent of distribution <2o00um = 100%

* Specific Gravity and thickness to diameter ratios utilized in mass / volume calculations.

Category paper patrticle fiber bundle matrix non-paper

Thickness : diameter ratio 0.80 1.00 0.75 0.50 0.70

Specific Gravity 1.40 1.40 1.40 1.40 1.40




Environmental Testing Associates  «

5290 Soledad Road .

San Diego, CA92109 -

(619) 272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA

Client Name: NRaD

Client Project#: Paper sizing

ETA Project # : 94-4274

Sample Description : Brown paper / cardboard
Analysis Requested : Size and shape distribution analysis
Analysis Method : Polarized Light Microscopy

Magnification{x): 50
Conversion (um / div.) : 9.90

Page 1

Client Sample # : P5-1
ETA Sample # : 4274-3

Total particles counted: 100

Particle Particle Length Structure  Fiber [Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area/
Number Type {(pm) Dia.(um) Dia.(um) | {um) instruc. Dia (um) Dia.(um) Ratio Sphericity Area{mm?2) Vol. Ratio
1 m 3218 842 30 579 39 2030 1604 38 0.50 8.082 0.004
2 f 2376 30 30 30 1 1203 551 80.0 0.23 0.955 0.011
3 f 238 5 5 5 1 121 65 48.0 0.28 0.013 0.092
4 |2 248 10 10 10 1 128 85 25.0 0.34 0.023 0.071
) f 158 10 10 10 1 84 63 16.0 0.40 0.012 0.085
6 f 178 5 5 5 1 92 54 356.0 0.30 0.009 0.111
7 f 89 10 10 10 1 50 43 9.0 0.48 0.006 0.140
8 f 743 20 20 20 1 381 222 375 0.30 0.155 0.027
9 f 2376 30 30 30 1 1203 551 80.0 0.23 0.955 0.011
10 f 2079 30 30 30 1 1054 504 70.0 0.24 0.799 0.012
11 p 69 30 30 24 1 50 45 23 0.65 0.008 0.133
12 f 149 20 20 20 1 84 76 7.5 0.51 0.018 0.079
13 f 277 10 10 10 1 144 91 28.0 0.33 0.026 0.066
14 f 69 8 8 8 1 39 34 88 0.49 0.004 0.178
15 f 257 5 5 5 1 131 69 52.0 0.27 0.015 0.087
16 f 792 20 20 20 1 408 232 40.0 0.29 0.168 0.026
17 p 79 40 40 32 1 59 54 20 0.68 0.009 0.111
18 m 119 50 10 15 3 84 40 24 0.33 0.005 0.151
19 f 743 30 30 30 1 386 254 25.0 0.34 0.203 0.024
20 p 99 30 30 24 1 64 57 33 0.58 0.010 0.105
21 f 178 20 20 20 1 99 88 9.0 0.48 0.023 0.070
22 f 941 10 10 10 1 475 206 95.0 0.22 0.133 0.029
23 f 119 20 20 20 1 69 65 6.0 0.55 0.013 0.092
24 f 50 5 5 5 1 27 23 10.0 0.46 0.002 0.261
25 f 198 10 10 10 1 104 73 20.0 0.37 0.017 0.082
26 b 2723 198 20 104 7 1460 740 13.8 0.27 1.718 0.008
27 f 1386 20 20 20 1 703 3386 70.0 0.24 0.355 0.018
28 p 59 59 59 43 1 59 51 1.0 0.86 0.008 0.117,
29 f 842 30 30 30 1 436 278 283 0.33 0.239 0.022
30 f 99 10 10 10 1 54 46 10.0 0.46 0.007 0.131
31 P 119 30 30 24 1 74 64 4.0 0.54 0.013 0.093
32 m 1931 149 50 99 4 1040 627 13.0 0.32 1.233 0.010
33 f 149 20 20 20 1 84 76 7.5 0.51 0.018 0.079
34 p 89 30 30 24 1 59 53 3.0 0.60 0.009 0.113
35 p 79 30 30 24 1 54 49 27 0.62 0.008 0.122
38 p 79 30 30 24 1 54 49 27 0.62 0.008 0.122
37 p 59 50 50 40 1 54 48 1.2 0.81 0.007 0.125
38 P 50 50 50 40 1 50 43 1.0 0.86 0.006 0.141
39 f 2129 20 20 20 1 1074 448 107.5 0.21 0.630 0.013
40 p 99 20 20 16 1 59 50 5.0 0.50 0.008 0.120

Note: Thickness measurements are based on estimated thickness to diameter ratios for each structure type.

Structure Type Codes

p
f

b

paper particle m matrix
fiber n non-paper
bundle




Environmental Testing Associates

5290 Soledad Road

»  San Diego, CA 92109

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA

Client Name: NRaD
Client Project#: Paper sizing

ETA Project # : 94-4274

(619) 272-7747

Client Sample # : P5-1
ETA Sample # : 4274-3

Particie = Particdle Length Stucture  Fiber [Thickness # of fibers X-section Hydro.
Number _ Type (pm) Dia.(um) Dia.(um) | (um) instruc. Dia.(um) Dia.(um)
41 p 89 - 20 20| 1w 1 45 30
42 f 149 10 10 10 1 79 60
43 p 68 50 50 40 1 59 53
44 f 149 30 30 30 1 89 87
45 f 495 30 30 30 1 262 194
46 f 178 20 20 20 1 a9 86
47 f 644 20 20 20 1 332 202
48 3 3762 20 20 20 1 1891 654
49 f 495 10 10 10 1 252 134
50 f 119 20 20 20 1 69 65
51 p a9 40 40 32 1 69 63
52 p 297 149 149 119 1 223 203
53 p 69 50 50 40 1 59 53
54 f 69 10 10 10 1 40 36
55 f 198 5 5 5 1 101 58
56 f 3416 30 30 30 1 1723 702
57 f 891 20 20 20 1 455 251
58 f 198 20 20 20 1 108 92
59 f 149 20 20 20 1 84 76
60 f 3069 20 20 20 1 1544 571
61 p 89 59 59 48 1 74 67
62 f 3049 30 30 30 1 1539 651
83 f 594 20 20 20 1 307 191
64 f 416 10 10 10 1 213 120
65 f 267 20 20 20 1 144 112
66 p 59 40 40 32 1 50 45
67 f 1436 10 10 10 1 723 273
68 f 495 30 30 30 1 262 194
69 p 99 79 79 63 1 89 79
70 m 545 79 20 40 4 312 180
71 f 2525 30 30 30 1 1277 574
72 f 149 20 20 20 1 84 76
73 f 327 20 20 20 1 173 128
74 P 88 20 20 16 1 54 47
75 [ 149 20 20 16 1 84 65
76 p 79 30 30 24 1 54 49
77 f 1752 20 20 20 1 886 393
78 P 59 50 50 40 1 54 48
79 f 178 30 30 30 1 104 98
80 P 238 79 79 63 1 158 142
81 f 990 25 25 25 1 507 289
82 f 347 5 5 5 1 176 84
83 f 743 20 20 20 1 381 222
84 f 79 10 10 10 1 45 40
85 f 218 5 5 5 1 111 62
86 m a9 50 8 16 4 74 37
87 f 5643 30 30 30 1 2836 982

Aspect Particle
3.5 0.57
15.0 0.41
1.4 0.77
5.0 0.58
16.7 0.39
9.0 0.48
325 0.31
150.0 0.17
50.0 0.27
6.0 0.55
25 0.63
2.0 0.68
1.4 0.77
7.0 0.52
40.0 0.29
115.0 0.21
450 0.28
10.0 0.46
7.5 0.51
1550 0.19
1.5 0.78
102.7 0.21
30.0 0.32
420 0.29
135 0.42
1.5 0.75
1450 0.19
16.7 0.39
1.3 0.80
6.9 0.33
85.0 0.23
75 0.51
16.5 0.39
45 0.52
7.5 0.44
27 0.62
88§ 0.22
1.2 0.81
6.0 0.55
3.0 0.60
40.0 0.29
70.0 0.24
375 0.30
8.0 0.50
440 0.28
20 0.37
190.0 0.17

Page ~

Surface Sur.Area

0.011
0.009
0.024
0.118
0.023
0.128
1.345
0.057
0.013
0.012
0.130
0.009
0.004
0.011
1.550
0.197
0.027
0.018
1.026
0.014
1.332
0.115
0.045
0.040
0.006
0.235
0.118
0.020
0.102
1.036
0.018
0.052
0.007
0.013
0.008
0.486
0.007
0.030
0.063
0.263
0.022

0.155
0.005
0.012
0.004

3.027

Ralio Sphericiy Area(mm2) Vol Rat
0.005

0.1z
0.1c
0.11
0.G-
0.0
0.0,
0.0:
0.0«

o
[

o o
= l;?

°o0
- O

e
-

0.1
0.0
0.0:
0.C:
0.0
0.0
0.c:

0.0
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(619) 272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA

Client Name: NRaD
Client Project#: Paper sizing

ETA Project # : 94-4274

Client Sample # : P5-1
ETA Sample # : 4274-3

Page 3

Particle Particle Length Structure Fiber |Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area/
Number Type (pm) Dia.(um) Dia.{pm) (nm) instruc. Dia.(um) Dia.{um) Ratio Sphericity Area{mm2) Vol. Ratio
88 f 79 5 5 5 1 42 31 16.0 0.40 0.003 0.191

89 P 50 40 40 32 1 45 40 13 0.80 0.005 0.152

90 p 79 20 20 16 1 50 43 4.0 0.54 0.006 0.140

91 f 218 20 20 20 1 19 98 110 0.45 0.030 0.061

92 f 317 20 20 20 1 168 126 16.0 0.40 0.050 0.048

93 f 3000 40 40 40 1 1520 709 758 0.24 1.579 0.008

94 £ 396 5 5 5 1 200 92 80.0 0.23 0.027 0.085

a5 f 297 20 20 20 1 158 120 15.0 0.41 0.046 0.050

96 f 109 20 20 20 1 64 62 55 0.57 0.012 0.097

97 f 1386 50 50 50 1 718 456 28.0 0.33 0.855 0.013

98 f 297 20 20 20 1 158 120 15.0 0.41 0.046 0.050

99 f 614 20 20 20 1 317 195 31.0 0.32 0.120 0.031
100 p 59 30 30 24 1 45 41 2.0 0.68 0.005 0.148




Environmental Testing Associates + 5290 Soledad Road  +  San Diego, CA 92109 (619) 272-7747

NUMERICAL SIZE DISTRIBUTION ANALYSIS
"~ (Summary Report)
Client Name: NRaD Analysis Date : 9/5/94
Contact : Stacey Curtis ETA Project # : 94-4274
Client Address: NCCOSC RDTE Division, San Diego, CA 92152 ETA Sample # : 4274-2
Client Project#: Paper sizing
Client Sample # : P&-1
Sample Description : White paper slurry
Analysis Requested : Size and shape distribution analysis
Analysis Method : Polarized Light Microscopy
Magnification(x): 50
Scale (um/division): 9.90
Total particles counted: 100
HYDRODYNAMIC SIZE DISTRIBUTION AND MORPHOLOGY STATISTICS (all paper particles)

Description Mean Std. Dev. 95% C.L.|Description Mean Std. Dev. 95% C.L.
Hydrodynamic Diameter (um) 130 +179 +35 |Fibers / Structure 1.38 +1.79 10.35
X-Section Diameter (um) 227 +402 +79 |Paper Fiber Diameter (um) 19.30 x13.57 +2.66
Median (um) 71 Aspect Ratio (all particles) 13.76 +0.15 +0.03
Mode (size category) >31 Structure Sphericity 046 +0.17 =%0.03
Skewness 4.4 (posttive) Surface Area/particle (mm?2) 0.15
Kurtosis 25.9 (peaked) Total Surface Area / Volume Ratio 0.01
HYDRODYNAMIC SIZE DISTRIBUTION (um = stated size)
Particle Size (um) <8 >8 >16 >31 >63 >125 2250 500 >1000 >2000 >4000
Midpoint size (um) 6 12 23 47 94 188 375 750 1500 3000  >4000
Numerical Count > 100 100 100 93 54 29 13 3 1
Individual Count 7 39 25 16 10 2 1
Individual Numerical % 7.0% 39.0% 25.0% 16.0% 10.0% 20% 1.0%
Cumulative Numerical % 7.0% 46.0% 71.0% 87.0% 97.0% 99.0% 100.0%
Estimated Volume (Mass Equivalent) Distribution
Particle Size (um) <8 >8 >16 =31 >63 >125 2250 2500 >1000 2000 >4000
Individual Volume % 0.0% 01% 04% 25% 10.4% 187% 67.9%
Cumulative Volume % 0.0% 0.1% 05% 3.0% 13.4% 321% 100.0%

CROSS-SECTION SIZE DISTRIBUTION (um > stated size)

Particle Size (um) <8 =8 216 231 263 >125 2250 2500 >1000 =2000 =>4000
Midpoint size (um) 6 12 23 47 94 188 375 750 1500 3000 >4000
Numerical Count > 100 100 100 96 59 39 20 12 3 1

Individual Count 4 37 20 19 8 9 2 1

Individual Numerical % 4.0% 37.0% 20.0% 19.0% 8.0% 9.0% 2.0% 1.0%
Cumulative Numerical % 4.0% 41.0% 61.0% 80.0% 88.0% 97.0% 99.0% 100.0%

Particle Count Estimated Ave. Hydrodynamic Ave. X-section Ave. Aspect
Category % Volume % Size (um) Size (umj Ratio

paper particle 28.0% 4.7% 62 116 9.4

fiber 66.0% 27.1% 140 233 27.5

bundie 1.0% 0.0% 79 218 10.0

matrix 5.0% 68.2% 379 770 54
non-paper

Analyst : Date : / /




Environmental Testing Associates _ + 5290 Soledad Road __ »  San Diego, CA92109 -  (619) 272-7747
COMPOSITION DISTRIBUTION ANALYSIS

(Summary Report)
Client Name: NRaD Analysis Date : 9/5/94
Contact : Stacey Curtis ETA Project # : 94-4274
Client Address: NCCOSC RDTE Division, San Diego, CA 92152 ETA Sample # : 4274-2
Client Project#: Paper sizing Client Sample # : P6-1
Sample Description : White paper slurry Magnification(x): 50
Analysis Requested : Size and shape distribution analysis Scale (um/div.): 9.90
Analysis Method : Polarized Light Microscopy Total particles counted: 100

Particle Numerical Individual Count % 2 "Hydrodynamic” Stated Size(um)
Category Count <8 =8 =16 231 263 2125 2250 2500 21000 22000 >4000
paper particle 28 4% 21% 2% 1%
fiber 66 3% 18% 19% 15% 10% 1%
bundle 1 1%
matrix 5 3% 1% 1%
non-paper
Particle Numerical Cumulative Count % > Stated "Hydrodynamic" Size{um)
Category Count <8 28 =16 231 263 >125 2250 2500 21000 =>2000 =>400:
paper particle 28 4%  25% 27% 27% 27% 28%
fiber 66 3% 21% 40% 55% 65% 66%
bundle 1 1%
matrix 5 3% 4% 4% 4% 5%
non-paper
Particle Numerical Individual Count % > "Cross-section” Stated Size(um)
Category Count <8 =8 >16 231 >63 2125 2250 2500 21000 22000 =>40mr
paper particle 28 2%  22% 3% 1%
fiber 66 2%  15% 17% 15% 7% 9% 1%
bundie 1 1%
matrix 5 3% 1% 1%
non-paper :
Particle Numerical Cumulative Count % > stated "Cross-section” Size(um)
Category Count <8 =8 216 231 >63 >125 >250 2500 =>1000 >2000 >4000
paper particle 28 2%  24% 27% 27% 27% 27% 28%
fiber 66 2% 17% 34% 49% 56% 65% 66%
bundle 1 1%
matrix 5 3% 4% 4% 4% 5%
non-paper
Particle Nommalized Individual Hydrodynamic Normalized Count % < maximum stripped size <2000pu:
Category Count <8 =8 >16 231 >63 2125 >250 2500 21000 22000 >40C
paper particle 28 1% 21% 2% 1%
fiber 66 3% 18% 19% 15% 10% 1%
bundle 1 1%
matrix 5 3% 1% 1%
non-paper

Numerical percent of distribution <2oooum = 100% ) B

* Specific Gravity and thickness to diameter ratios utilized in mass / volume calculations.

Category paper particle fiber bundle matrix non-paper
Thickness : diameter ratio 0.80 1.00 0.75 0.50 0.70
Specific Gravity 0.50 0.50 0.50 0.50 0.50




Environmental Testing Associates

o 5290 Soledad Road _ +  San Diego, CA92109 _ »  (619)272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA Page 1
Client Name: NRaD
Client Project#: Paper sizing Client Sample # : P6-1
ETA Project # : 94-4274 ETA Sample # : 4274-2
Sample Description : White paper slurry
Analysis Requested : Size and shape distribution analysis
Analysis Method : Polarized Light Microscopy
Magnification(x): 50 Total particles counted: 100
Conversion (um /div.) : 8.90

Particle Particle Length Structure Fiber [Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area/
Number Type (pnm) Dia.(um) Dia.(um)} (um) instruc  Dia.(um) Dia.{um) Ratio Sphericity Area(mm?2) Vol. Ratio
1 f 30 10 10 10 1 20 21 3.0 069 0001  0.291
2 f 504 30 30 30 1 312 219 200 037 0.150  0.027
3 p 40 10 10 8 1 25 21 40 054 0.001 0279
4 f 396 5 5 5 1 200 02 800 023 0.027  0.065
5 f 79 5 5 5 1 42 31 160  0.40 0.003  0.191
6 f 139 20 20 20 1 79 72 70 052 0.016  0.083
7 f 79 10 10 10 1 45 40 80 050 0.005  0.152
8 f 149 20 20 20 i 76 7.5 051 0.018  0.079
9 f 376 30 30 30 1 203 161 127 043 0.082  0.037
10 f 99 10 10 10 1 54 46 100 046 0.007  0.131
11 P 59 30 30 24 1 45 41 20 068 0.005  0.148
12 m 327 149 30 119 8 238 216 22 066 0.147  0.028
13 f 297 10 10 10 1 153 96 300 032 0.020  0.083
14 p 89 30 30 24 1 59 53 30 060 0.008  0.113
15 p 40 30 30 24 1 35 31 13 078 0.003  0.194
16 m 297 248 8 36 9 272 77 12 026 0019  0.078
17 f 792 20 20 20 1 406 232 400 029 0.168  0.026
18 f 990 15 15 15 1 502 244 66.7 025 0.187  0.025
19 p 59 30 30 24 1 45 41 20 068 0.005  0.148
20 p 79 40 40 32 1 59 54 20 068 0.008 011
21 p 3812 20 20 16 1 1916 569 1925  0.15 1.017 0011
22 f 50 5 5 5 1 27 23 100 046 0.002  0.261
23 f 99 5 5 5 1 52 36 200 037 0.004  0.165
24 f 238 8 8 8 1 123 76 300 032 0.018  0.078
25 f 297 40 40 40 1 168 152 7.5 051 0.072  0.040
26 f 238 40 40 40 1 139 131 6.0 055 0.054  0.046
27 f 119 20 20 20 1 69 65 6.0 055 0.013  0.082
28 p 30 30 30 24 1 30 26 1.0 086 0.002  0.234
29 p 89 20 20 16 1 a7 45 052 0.007  0.129
30 f 149 20 20 20 1 84 76 7.5 051 0.018  0.079
31 P 40 30 30 24 1 31 1.3 078 0.003  0.194
32 P 50 40 40 32 1 45 40 13 0.80 0.005  0.152
33 f 108 10 10 10 1 104 73 200  0.37 0.017  0.082
f 1485 15 15 15 1 750 320 1000  0.22 0322  0.019
f 218 10 10 10 1 114 78 220 036 0.019  0.077
f 178 5 5 5 1 92 54 360 030 0.008  0.111
37 b 396 40 5 1 3 218 79 100 020 0.020  0.076
38 P 99 79 79 63 1 89 79 1.3 080 0.020  0.076
39 f 396 50 50 50 1 223 198 80 050 0.123  0.030
40 f 89 5 5 5 1 47 34 180  0.38 0.004  0.176

Note: Thickness measurements are based on estimated thickness to diameter ratios for each structure type.

Structure Type Codes
p paper particle m matrix
i fiber n non-paper
b bundle




Environmental Testing Associates

5230 Soledad Road

- San Diego, CA 92109

(618) 272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA

Client Name: NRaD
Client Project#: Paper sizing

ETA Project # : 94-4274

Client Sample # : P6-1
ETA Sample # : 4274-2

Page 2

Particle Particle Length Stucture  Fiber |Thickness # offibers X-section Hydro Aspect Particle  Surface Sur.Area

Number Type (um) Dia.(um) Dia.(um) (um) instruc. Dia.(um) Dia.(um) Ratio Sphericity Area(mm?2) Vol. Ratic
41 f 3762 40 40 40 1 1901 824 950 022 213 0.0
42 f 396 20 20 20 1 208 146 200 0.37 0.067 0.04
43 f 198 10 10 10 1 104 73 20.0 0.37 0.017 0.05
44 f 1683 20 20 20 1 851 383 85.0 0.23 0.460 0.0%
45 p 59 20 20 16 1 40 35 3.0 0.60 0.004 0.1¢
46 f 139 5 ) 5 1 72 46 28.0 0.33 0.007 0.1z
47 f 1049 20 20 20 1 5§35 279 53.0 0.27 0.245 0.0-
48 t g8 § 5 5 1 52 36 20.0 0.37 0.004 0.1¢
49 H 743 5 ) 5 1 374 140 150.0 0.19 0.061 0.04
50 p 40 40 40 32 1 40 34 1.0 0.86 0.004 0.1
51 m 5198 495 30 223 15 2846 1394 105 0.27 6.103 0.0C
52 p 79 30 30 24 1 54 49 27 0.62 0.008 0.1-
53 p 99 20 20 16 1 59 50 50 0.50 0.008 0.1
54 f 89 15 15 15 1 52 49 6.0 0.55 0.008 0.17
55 f 347 30 30 30 1 188 153 1.7 0.44 0.073 0.0
&6 f 1337 30 30 30 1 683 376 45.0 0.28 0.444 0.01
57 f 792 40 40 40 1 416 292 20.0 0.37 0.267 0.0
58 f 99 8 8 8 1 53 43 12.5 043 0.006 0.1
59 f 99 10 i0 10 1 54 46 10.0 0.46 0.007 012
60 f 69 10 10 10 1 40 35 7.0 0.52 0.004 0.1t
61 p 89 30 30 24 1 59 53 30 0.60 0.009 0.11
62 f a9 20 20 20 1 59 58 50 0.58 0.011 0.1
63 f 1238 20 20 20 1 629 312 62.5 0.25 0.305 0.0
64 f 149 30 30 30 1 89 87 5.0 0.58 0.024 0.G:
65 p 89 20 20 16 1 54 47 4.5 0.52 0.007 0.1:
66 f 792 30 30 30 1 411 265 267 0.33 0.221 0.0:
67 f 1089 40 40 40 1 564 361 275 0.33 0.409 0.0
68 f 594 20 20 20 1 307 1 30.0 0.32 0.115 0.0:
69 f a9 10 10 10 1 54 46 10.0 0.46 0.007 0.1:
70 f 297 5 5 5 1 151 76 60.0 0.26 0.018 0.0.
71 f i} 20 20 20 1 59 58 5.0 0.58 0.011 0.1
72 f 79 5 5 5 1 42 31 16.0 0.40 0.003 0.1
73 p 89 20 20 16 1 54 47 4.5 0.52 0.007 0.1:
74 f 743 20 20 20 1 381 222 375 0.30 0.155 0.0
75 f 129 20 20 20 1 74 69 6.5 0.54 0.015 .G
76 f 89 3 3 3 1 46 29 30.0 0.32 0.003 0.2t
77 p 50 20 20 16 1 35 31 2.5 0.63 0.003 o1
78 p 50 30 30 24 1 40 36 1.7 0.73 0.004 0.1:
79 f 248 20 20 20 1 134 107 12.5 0.43 0.036 0.G:
80 p 50 20 20 16 1 35 31 2.5 0.63 0.003 0.1
81 £ 248 3 3 3 1 125 57 83.3 023 0.010 Q.1
82 f 208 5 5 5 1 106 60 42.0 0.29 0.011 0.1t
83 f 337 20 20 20 1 178 131 170 039 0054  0C
84 4] g9 30 30 24 1 64 57 3.3 0.58 0.010 0.1
85 f 297 15 15 15 1 156 109 20.0 0.37 0.038 0.c
86 f 208 20 20 20 1 114 95 105 0.46 0.028 o.C
87 f 149 20 20 20 1 84 76 7.5 0.51 0.018 00



Environmental Testing Associates

5290 Soledad Road

San Diego, CA 92109

(619) 272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA

Client Name: NRaD
Client Project#: Paper sizing

ETA Project # : 94-4274

Client Sample # : P6-1
ETA Sample # : 4274-2

Page 3

Particle Particle Length Structure  Fiber |Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area/
Number Type (um) Dia.(um) Dia{um)| (um) instruc. Dia.(um) Dia.(um) Ratio Sphericity Area(mm2) Vol. Ratio
88 p 99 50 50 40 1 74 €8 20 0.68 0.014 0.089

89 p 79 30 30 24 1 54 48 27 0.62 0.008 0.122

90 m 396 99 10 30 6 248 112 4.0 0.28 0.039 0.054

91 m 446 50 10 15 3 248 96 9.0 0.22 0.029 0.063

a2 f 396 20 20 20 1 208 146 20.0 0.37 0067 0.041

93 f 416 20 20 20 1 218 151 21.0 0.36 0.071 0.040

94 f 1337 50 50 1 693 446 27.0 0.33 0.624 0.013

95 p 69 30 30 24 1 50 45 2.3 0.65 0.006 0.133

96 f 118 20 20 20 1 69 65 6.0 0.55 0.013 0.082

97 f 1188 30 30 30 1 609 347 40.0 0.29 0.379 0.017

98 f 208 20 20 20 1 114 95 10.5 0.46 0.028 0.063

89 p 79 20 20 16 1 50 43 4.0 0.54 0.006 0.140
100 p 59 20 20 16 1 40 35 3.0 0.60 0.004 0.169




Environmental Testing Associates .

5290 Soledad Road  +  San Diego, CA 82103 -

(619) 272-7747

Client Name:
Contact :

Client Address:
Client Project#:
Sample Description :

COMPOSITION DISTRIBUTION ANALYSIS
(Summary Report)
NRaD
Stacey Curtis
NCCOSC RDTE Division, San Diego, CA 92152
Paper sizing Client Sample # : P8-1
Mixed paper

Analysis Date : 9/5/94
ETA Project # : 94-4274
ETA Sample #: 4274-4

Magnification(x): 50

Analysis Requested : Size and shape distribution analysis Scale (um/div.): 9.90
Analysis Method : Polarized Light Microscopy Total particles counted: 100

Particle Numerical individual Count % > "Hydrodynamic” Stated Size(ium)
Category Count <B =8 >16 >31 263 2125 2250 2500 >1000 =>2000 >4000
paper particle 26 22% 3% 1%
fiber 68 1% 1% 21% 19% 12% 4%
bundle 2 1% 1%
matrix 4 1% 1% 1% 1%
non-paper
Particle Numerical Cumulative Count % 2 Stated "Hydrodynamic” Size(um)
Category Count <8 >8 >16 231 =63 >125 2250 2500 >1000 =>2000 >4000
paper particle 26 22% 25% 26%
fiber 68 1% 12% 33% 52% 64% 68%
bundle 2 1% 2%
matrix 4 1% 2% 2% 2% 3% 4%
non-paper
Particle Numerical Individual Count % = "Cross-section” Stated Size(um)
Category Count <8 >8 >16 =31 >63 2125 2250 >500 >1000 >2000 >4000
paper particle 26 20% 5% 1%
fiber 68 5% 23% 8% 18% 10% 4%
bundle 2 2%
matrix 4 1% 1% 2%
non-paper :
Particle Numerical Cumulative Count % > stated "Cross-section” Size(um)
Category Count <8 >8 >16 231 263 2125 2250 2500 >1000 =>2000 >4000
paper particle 26 20% 25% 25% 25% 26%
fiber 68 5% 28% 36% 54% 64% 68%
bundle 2 2%
matrix 4 1% 2% 2% 2% 2% 4%
non-paper
Particle Normalized Individual Hydrodynamic Normalized Count % < maximum stripped size <2000um
Category Count <8 >8 =16 >3 263 2125 2250 >500 >1000 >2000 >4000
paper particle 26 22% 3% 1%
fiber 68 1% 1% 21% 19% 12% 4%
bundle 2 1% 1%
matrix 4 1% 1% 1% 1%
non-paper
Numerical percent of distribution <2000um = 100%
* Specific Gravity and thickness to diameter ratios utilized in mass / volume calculations.
Category paper particle fiber bundle matrix non-paper
Thickness : diameter ratio 0.80 1.00 0.75 0.50 0.70
Specific Gravity 0.50 0.50 0.50 0.50 0.50




Environmental Testing Associates

. 5280 Soledad Road . San Diego, CA 82108 . (619) 272-7747

Client Name:

Contact :

Client Address:
Client Project#:
Client Sample # :
Sample Description :
Analysis Requested :
Analysis Method :
Magnification(x):
Scale (um/division):

Total particles counted:

NUMERICAL SIZE DISTRIBUTION ANALYSIS
(Summary Report)

NRaD

Stacey Curtis

NCCOSC RDTE Division, San Diego, CA 92152
Paper sizing

pP8-1

Mixed paper

Size and shape distribution analysis
Polarized Light Microscopy
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HYDRODYNAMIC SIZE DISTRIBUTION AND MORPHOLOGY STATISTICS (all paper particles)

Description Mean std. Dev. 95% C.L.|Description Mean Std. Dev. gsvic 1
Hydrodynamic Diameter (um) 175 +232 +46 |Fibers / Structure 1.65 +4.45 +0.87
X-Section Diameter {um) 305 455 +89 [|Paper Fiber Diameter (um) 2223 +15.99 +3.13
Median (um) 87 Aspect Ratio (all particles) 13.21  0.16 +0.03
Mode (size category) >31 Structure Sphericity 0.44 1016 0.03
Skewness 4.5 (positive) Surface Area/particle (mm2) 0.27
Kurtosis 28.1 (peaked) Total Surface Area / Volume Ratio 0.01
HYDRODYNAMIC SIZE DISTRIBUTION (um > stated size)
Particle Size (um) <8 >8 >16 231 263 >125 2250 >500 >1000 >2000 4000
Midpoint size (um) 6 12 23 47 94 188 375 750 1500 3000 24000
Numerical Count = 100 100 100 99 85 39 18 6 1 c
Individual Count 1 34 26 21 12 5 1
Individual Numerical % 1.0% 34.0% 26.0% 21.0% 12.0% 5.0% 1.0%
Cumulative Numerical % 1.0% 350% 61.0% 820% 94.0% 99.0% 100.0%
Estimated Volume (Mass Equivalent) Distribution
Particle Size (um) <8 28 >16 231 263 2125 2250  >500 21000 >2000 >4000
Individual Volume % 0.0% 0.0% 0.2% 2.1% 57% 19.4% 72.6%
Cumulative Volume % 0.0% 00% 02% 23% 8.0% 27.4% 100.0% )
CROSS-SECTION SIZE DISTRIBUTION {um = stated size) o
Particle Size (um) <8 >8 216 231 >63 2125 2250 >500 21000 =>2000 =>4000
Midpoint size (um) 6 12 23 47 94 188 375 750 1500 3000 24000
Numerical Count = 100 100 100 100 75 46 35 17 6 2
Individual Count 25 29 11 18 11 4 2
Individual Numerical % 25.0% 29.0% 11.0% 18.0% 11.0% 4.0% 2.0%
Cumulative Numerical % 25.0% 54.0% 65.0% 83.0% 94.0% 98.0% 100.0%
!
S {
P
article Count Estimated Ave. Hydrodynamic Ave. X-section Ave. Aspect
Category % Volume % Size (um) Size (um) Ratio
paper particle 26.0% 0.2% 56 74 4.6
fiber 68.0% 23.1% 191 338 32.7
bundle 2.0% 0.1% 136 196 8.0
matrix 4.0% 76.6% 680 1297 4.2
non-paper
Analyst :- Date : / /




Environmental Testing Associates

« 5200 Soledad Road «  San Diego, CA82109 « (619)272-7747

INDIVIDUAL SIZE DISTRIBUTION COUNT DATA Page 1
Client Name: NRaD
Client Project#: Paper sizing Client Sampie # : P8-1
ETA Project # : 94-4274 ETA Sample # : 4274-4
Sample Description : Mixed paper
Analysis Requested : Size and shape distribution analysis
Analysis Method : Polarized Light Microscopy
Magnification(x): 50 Total particles counted: 100

Conversion {um / div.) : 9.90
Particle Particle Length Structure  Fiber {[Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area/
Number Type {um) Dia.(um) Dia.(um) | (um) instruc. Dia.(um) Dia.(um) Ratio Sphericity Area{(mmz2) Vol. Ratio
1 f 277 20 20 20 1 149 115 140 041 0042  0.052
2 p 69 20 20 16 1 45 39 35 057 0005  0.153
3 P 1089 20 16 1 554 247 550 0.23 0.191 0.024
4 £ 792 20 20 20 1 406 232 400 029 0.168  0.026
5 p 59 30 24 1 45 41 20 068 0005  0.148
6 f 515 20 20 20 1 267 174 260 034 0095  0.035
7 p 79 40 40 32 1 59 54 20 068 0008  O.111
8 f 69 10 10 10 1 40 36 7.0 052 0.004  0.166
9 m 4455 890 25 560 46 2723 1866 45 042 10938  0.003
10 f 178 10 10 10 1 94 68 180 038 0015  0.088
11 f 673 20 20 20 1 347 208 340 031 0.136  0.029
12 f 743 20 20 20 1 381 222 375 0.320 0.155  0.027
13 P 50 30 30 24 1 40 36 1.7 073 0.004  0.167
14 p 99 30 30 24 1 64 57 33 058 0010 0.105
15 f 277 20 20 20 1 149 115 140 041 0.042  0.052
16 p 59 20 20 16 1 40 35 30 060 0.004  0.169
17 f 941 40 40 40 1 490 327 238 0.35 0336  0.018
18 f 109 20 20 20 1 64 62 55 057 0012  0.007
19 f 248 10 10 10 1 129 85 250 034 0022  0.071
20 f 644 15 15 15 1 329 183 433 028 0.105  0.033
21 f 614 20 20 20 1 317 195 310 032 0120  0.031
22 f 1109 59 59 59 1 584 418 187  0.38 0549  0.014
23 f 693 40 40 40 1 366 267 175  0.39 0224  0.022
24 p 59 30 30 24 1 45 41 20 068 0.005  0.148
25 f 178 30 30 30 1 104 98 60 055 0.030  0.061
26 m 3564 792 30 149 10 2178 707 45 020 1.571 0.008
27 p 89 25 25 20 1 57 50 36 056 0.008  0.120
28 f 158 20 20 20 1 89 79 80 050 0.020  0.076
29 f 19 20 20 20 1 69 65 60 055 0.012  0.092
30 f 108 20 20 20 1 109 92 100 046 0.027  0.065
31 P 50 40 40 32 1 45 40 13 080 0.005  0.152
32 f 218 15 15 15 1 116 89 147 041 0.025  0.067
33 f 970 20 20 20 1 495 265 490 027 0.221 0.023
34 m 277 50 20 30 3 168 104 47 038 0.034  0.057
35 f 792 20 20 20 1 406 232 400 029 0.168  0.026
36 p 50 50 50 40 1 50 43 10 086 0.006  0.141
37 f 3861 40 40 40 1 1950 839 975 022 2.211 0.007
38 f 79 10 10 10 1 45 40 80 050 0.005  0.152
39 f 178 20 20 20 1 99 86 90 048 0.023  0.070
40 f 1782 20 20 20 1 901 398 90.0  0.22 0.497  0.015

Note: Thickness measurements are based on estimated thickness to diameter ratios for each structure type.

Structure Type Codes

p paper particle m  matrix
1 fiber n non-paper
b bundie
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Particle Particle Length Structure  Fiber |Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area,
Number Type {pm) Dia.(um) Dia.{um) {im) instruc. Dia.(um) Dia.(um) Ratio Sphericity Area{mm2) Vol. Ratio
41 f 2059 30 30 30 1 1044 501 69.3 0.24 0.789 0.01:
42 f 1634 35 35 35 1 834 452 471 0.28 0.642 0.01:
43 P g9 40 40 32 1 69 63 25 0.63 0.012 0.05.
4 f 139 20 20 20 1 79 72 7.0 0.52 0.016 0.08
45 f 267 20 20 20 1 144 112 135 0.42 0.040 0.05:
46 P 69 30 30 24 1 50 45 23 0.65 0.008 0.1%
47 P 99 20 20 16 1 §9 50 5.0 0.50 0.008 0.1z
48 o] £9 50 50 40 1 54 48 1.2 0.81 0.007 0.12.
49 f 119 15 15 15 1 67 59 8.0 0.50 0.011 0.10
50 f 1040 10 10 10 1 5§25 220 105.0 0.21 0.153 0.02
51 p 69 20 20 16 1 45 39 35 0.57 0.005 0.15:
52 f 178 15 15 15 1 97 78 12.0 0.44 0.019 0.0/
53 f a9 20 20 20 1 59 58 50 0.58 0.011 0.1¢
54 f 1287 20 20 20 1 653 320 65.0 0.25 0.322 0.01
55 f 3812 30 30 30 1 1921 756 128.3 0.20 1.794 0.0C:
56 f 891 15 15 15 1 453 228 60.0 0.26 0.163 0.0
57 f 396 50 §0 50 1 223 198 80 0.50 0.123 0.0
58 f 554 20 20 20 1 287 183 28.0 0.33 0.105 0.03%
59 f 59 5 5 5 1 32 26 12.0 044 0.002 0.23
60 f 188 20 20 20 1 104 89 95 0.47 0.025 0.06&:
61 m 178 59 5 12 5 119 43 3.0 0.24 0.006 0.13
62 f 198 20 20 20 1 109 92 10.0 0.46 0.027 0.04:
63 f 614 20 20 20 1 317 195 310 0.32 0.120 0.03
64 f 594 59 59 59 1 327 276 100 0.46 0.239 0.02:
65 P 69 20 20 16 1 45 39 35 0.57 0.005 0.15
66 P 69 30 30 24 1 50 45 2.3 0.65 0.006 0.1x
67 f 198 5 5 5 1 101 58 400 0.29 0.011 0.1C-
68 f 1238 10 10 10 1 624 248 125.0 0.20 0.192 0.02-
69 P 119 40 40 32 1 79 71 3.0 0.60 0.016 0.06.
70 f 297 30 30 30 1 163 138 10.0 0.46 0.060 0.04
71 f 644 15 18 15 1 329 183 43.3 0.28 0.105 0.0%
72 f 149 20 20 20 1 84 76 75 0.51 0.018 0.0
73 f 1208 40 40 40 1 624 387 30.5 0.32 0.469 0.01
74 p 69 40 40 32 1 54 50 1.8 0.72 0.008 0.1z
75 f 178 5 5 5 1 g2 54 36.0 0.30 0.009 0.11
76 f 178 20 20 20 1 99 86 9.0 0.48 0.023 0.07
77 f 376 20 20 20 1 198 141 1.0 0.37 0.062 0.04
78 p 69 20 20 16 1 45 39 35 0.57 0.005 0.15
79 b 207 50 5 156 4 173 73 6.0 0.25 0.017 0.0&
80 f 743 10 10 10 1 376 176 75.0 0.24 0.097 0.02
81 f 448 5 5 s 1 228 99 80.0 0.22 0.031 Q.08
82 f 495 40 40 40 1 267 213 12.5 0.43 0.143 0.0z
a3 f 2158 g0 50 50 1 1104 613 436 0.28 1.181 0.01
84 f 188 15 15 15 1 101 81 12.7 0.43 0.020 0.07
85 b 396 40 20 45 3 218 199 100 0.50 0.124 0.02
86 P 119 119 119 95 1 119 102 1.0 0.86 0.033 0.0z
87 f 119 20 20 20 1 69 65 60 0.55 0.013 0.0
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Particle Particle Length Structure  Fiber |Thickness # of fibers X-section Hydro. Aspect Particle  Surface Sur.Area/
Number Type {um} Dia.(um) Dia{um)| (upm) instruc. Dia.(um) Dia.(um) Ratio Sphericity Area(mm2) Vol. Ratio
88 P 79 30 30 24 1 54 49 2.7 0.62 0.008 0.122

89 f 208 5 5 5 1 106 60 42.0 0.29 0.011 0.100

90 f 129 10 10 10 1 69 55 13.0 0.43 0.009 0.110

91 p 108 30 30 24 1 69 61 37 0.56 0.012 0.099

92 f 218 10 10 10 1 114 78 22.0 0.36 0019 0.077

93 f 198 5 5 5 1 101 &8 40.0 0.28 0.011 0.104

94 t 1089 20 20 20 1 554 286 55.0 0.26 0.258 0.021

95 f 99 20 20 20 1 59 58 5.0 0.58 0.011 0.104

96 f 1337 20 20 20 1 678 328 675 0.25 0.339 0.018

97 p 50 30 30 24 1 40 36 1.7 0.73 0.004 0.167

98 f 1386 20 20 20 1 703 336 70.0 024 0.355 0.018

o9 p 69 20 20 16 1 45 39 3.5 0.57 0.005 0.163
100 f 673 25 25 25 1 349 224 272 0.33 0.157 0.027
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EXECUTIVE SUMMARY

A series of static-renewal EPA acceptable bioassays were conducted to estimate
the potential toxicity of 2 leachable materials. The materials, labelled Paper Pulp and
Shredded Metal, were tested on the mysid shrimp (Mysidopsis bahia), the minnow
(Menidia beryllina), the marine chain diatom (Sleletonema costatum, clone "Skel"), the
Microtox bioassay (Photobacterium phosphoreum), and the Qwiklite Bioassay System,
which uses the bioluminescent dinoflagellate, Gonyaulax polyedra. The marine diatom
was used for the chlorophyll assays. Bioassay organisms representing different phyla
were chosen and tested to represent a potential "risk" to the marine environment.
Mysidopsis bahia was chosen to represent a benthic or bottom dwelling animal response,
while the x;ﬁnnow Menidia beryllina was chosen to represent a pelagic or swimming
animal response. The phytoplankton chain diatom species, Skeletonema costatum and
the bioluminescent dinoflagellate, Gonyaulax polyedra, were used to observe any potential
effect on the primary producers in marine waters. The endpoints measured were the
concentration at which 50% of test organisms were affected (LC50/IC50) and the
concentration at which no observable effect occurred (NOEC). The effects measured
varied depending on the test species and were: survival in the mysids and minnows
(LC50s), inhibition of bicluminescence of G. polyedra and the bacterium (IC50), and

biomass or chlorophyll fluorescence (IC50) in the diatom tests.



Toxicity was observed in the mysid when exposed to a 5% leachate of Paper Pulp.
No NOEC or LC50 value could be determined as significant toxicity was observed at the
lowest leachate concentration and did not follow a dose response curve. Assays where
the 5% leachate of Paper Pulp was centrifuged, less toxicity was observed and a dose
response occurred. In only one mysid assay was a NOEC value observed at 6.25% (5%)
leachate. No toxicity was observed in fish when exposed to 5% leachate of Paper Pulp.
Each of th{e fish assays resulted in NOEC values of 100% (5%) Paper Pulp leachate.
‘When tested with the diatom, S. costatum, a 5% leachate of Paper Pulp resulted in an
ICS50 value of between 12.5 and 50% leachate and NOEC values of 12.5% and 25%
leachate respectively. The 5% Paper Pulp caused a dose response in the dinoflagellate,
G. polyedra, where the IC50 was 27.7% and a NOEC was not applicable after 96 hours
of exposure. A 0.01% leachate Paper Pulp resulted in an NOEC value of 100% due to
variable bioluminescence levels which did not indicate a dose response curve to either
hormesis or inhibition in the dinoflagellate, G. polyedra. There was up to 31%
reduction of light output from bacteria after 5 minutes of exposure to 5% Paper leachate
and an average of 20% reduction of light output from the bacterium after 5 minutes of
exposure to 0.01% Paper leachate. The NOEC value after 96 hours of exposure to 5%
leachate was 50% (5%) leachate and a NOEC value was not applicable after exposure to
0.01% leachate.

5% leachate of Shredded Metal had no adverse effects on mysid or fish. An
IC50 value of 58.7% and an NOEC value of 25% was observed when S. costatum was

exposed to 25% leachate of Shredded Metal. The 5% leachate Shredded Metal had no



adverse effect on the diatom resulting in an NOEC value of 100% (5%) leachate after 96
hours. When tested with the bioluminescent dinoflagellate, the 25% and 5% leachate
resulted in similar ICS50 values, 18.8% and 18.7% respectively. A NOEC value was not
applicable when the dinoflagellate was exposed to 5% leachate but equal to 6.25% when
tested with (25%) leachate. The 25% Metal leachate reduced light output from the
bacterium by 37% after 5 minutes while the 5% leachate reduced light output by 23%
after 5 miI;utes of exposure. NOEC values were not applicable for either concentration

of leachate in the Microtox assays.
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INTRODUCTION

A series of static-renewal EPA (Environmental Protection Agency) acceptable
bioassays, in addition to a suite of Microtox and Qwiklite Bioluminescence Assays, were
conducted to estimate the potential toxicity of 2 materials. The materials, labelled Paper
Pulp and Shredded Metal, were tested on the mysid shrimp (Mysidopsis bahia), the
minnow (Z\;enidia beryllina), the bioluminescent dinoflagellate (Gonyaulax polyedra), the
bioluminescent bacteria (Photobacterium phosphoreum), and the marine chain diatom
(Skeletonema costatum, clone "Skel"). The marine diatom was used for the chlorophyll
assays. Bioassay organisms representing different phyla were chosen and tested to
represent a potential "risk" to the marine environment. Mysidopsis bahia was chosen to
represent a benthic or bottom dwelling animal response, while the minnow Menidia
be}yllina was chosen to represent a pelagic or swimming animal response. The
phytoplankton chain diatom species and the dinoﬁagellate were used to observe any
potential effect on the primary producers in marine waters. The endpoints measured
were the concentration at which 50% of test organisms were affected (LC50/IC50) and
the concentration at which no observable effect occurred (NOEC). The effects measured
varied depending on the test species and were: survival in the mysids and minnows
(LC50s), inhibition of bioluminescence of G. polyedra and the bacterium (IC50), and
biomass or chlorophyll fluorescence (IC50) in the diatom tests.
MATERIALS AND METHODS

Test Equipment Preparation for Mysids and Minnows



All test chambers were constructed from borosilicate glass beakers with lids. All
beakers were washed with a critical cleaner and rinsed with 10% nitric acid. Three
deionized water rinses followed each cleaning procedure. All acute toxicity tests with the
mysids were conducted in 300 m] beakers with 200 ml of dilution water. The minnows
were maintained in 400 ml beakers with 250 ml of dilution water. = The diatom assay
required 125 ml Erlenmeyer flasks containing 25 ml of test solution. The bioluminescent
assays use:i spectrophotometric grade cuvettes to contain approximately three ml of test
solution.

Source and Acclimation of Test Species

Several day old M. bahia and M. beryllina were shipped overnight from Aquatic
Indicators, St. Augustine, FL, to our laboratory. Both the mysids and minnow's were
slowly acclimated in a 25°C water bath and transferred by pipette to several holding
tanks with filtered (0.45um) seawater. The dilution water used in testing was obtained
from the NCCOSC Biological Effects Program bioassay facility located near the mouth
of San Diego Bay. Water was filtered through a coarse sand filter prior to final filtration
(0.454m). The test animals were slowly acclimated to the test water salinity of 33 parts-
per-thousand over several days. All test animals were fed daily with freshly hatched
Artemia brine shrimp.

The marine diatom, Skeletonema costatum, clone "Skel" was obtained from the
UCLA, H;kains Marine Station. The cultures were maintained on an enriched seawater
medium (ESM) using filtered (0.20 xm) seawater collected from the Scripps Institute of

Oceanography pier pump system in La Jolla. Samples of the stock were routinely



aliquoted into fresh media to maintain high cell densities. The diatom was cultured at
room temperature ( ~25°C) under cool white fluorescent bulbs at a light intensity of
approximately 4000 lux for 12 hours per day.

Sea Water Extraction of Paper Pulp and Shredded Metal Materials

Test Solution was attained by leaching each material in filtered sea water for one

and a half hours, in which 30 min of mixing period was followed by one hour of settling
period (El;triate Preparation, EPA protocol, 1991).

A 25% elutriate was prepared (EPA protocol, 1991) by subsampling 1 L of
filtered sea water exposed to 250 grams of the homogenized maternal (1 : 4 ratio). This
25% elutriate was then used as 100% test solution. For testing purposes and to
determine a dose response curve, the 100% test solution was diluted with fiitered sea
water by half until 6.25%. The test solutions for every assay ranged between 100% and
6.25% elutriate. In cases of expected extreme toxicity, a 5% elutriate was prepared (50
gm/1 L). The Paper Pulp was subject to a dry : wet weight conversion factor (1 : 6.3)
due to the high percentage of water in the material. Additional assays with the Paper
Pulp were conducted to observe a no effect level of exposure using a 0.01% elutriate
(0.630 gm/1 L). The supernatant was carefully removed from the material with the use
of a mesh filter. The elutriate resulting from leaching was then used to make dilutions of
the test solution. Following the first three assays exposing mysids to an elutriate of
Paper Pulp, suspended solids were suspected of causing the toxicity and the elutriates
were then centrifuged following the leaching procedure. Centrifugation was for 7

minutes at 1800 rpm at 25°C on a Damon, IEC Centra-8R Centrifuge.



Experimental Test Design and Procedure for Mysidopsis bahia and Menidia beryllina

Toxicity testing of Paper Pulp and Shredded Metal consisted of 96 hour static
renewal acute tests. These assays were conducted to test for potential toxicity arising
from exposure to the leachates.

Environmental Protection Agency (EPA) test protocols were followed for the
mysid and ;ninnow bioassays (U.S. EPA, 1988). For acute bioassays, test chamber sizes
for the mysids and minnows were typically 300 and 400 ml beakers filled with 200 ml and
250 ml of solution, respectively. The average age of the animals were 5 days and 13 days
at the start of the bioassays for mysids and minnows, respectively. The mysids and
minnows were set up at 10 animals per beaker with two replicates for each
concentration. Each assay began when test species were distributed to test beakers with
50 ml of filtered seawater (0.45 m). Animals were then pipetted from holding tanks
into test beakers. Dilutions of the material leachate were added to each beaker to a
final volume of either 200 or 250 ml. All animals were fed daily newly hatched Artemia
brine shrimp. The test beakers were covered with glass lids and placed in a temperature
controlled bath at 25°C. Solutions were renewed every 24 hours at which time fecal
material was removed and seawater chemistry measurements were recorded. Survival
was recorded every 24 hours. Seawater parameters measured daily were dissolved
oxygen, pI;I, and temperature. Minimum requirements for test acceptability for dissolved
oxygen are 40% saturation for acute tests and the seawater temperature must not

fluctuate more than = 2°C.



Test concentrations of 100%, 50%, 25%, 12.5%, and 6.25% with a seawater
control were used for both materials in the mysid acute tests and the minnow acute tests.

Percent survival was calculated and graphed. A probit analysis was performed to
estimate LCy,, (lethal concentration to cause mortality in 50% of the tested population),
where appropriate. All data were analyzed using Toxis II and Prodas statistical
programs.

Experimer;tal Test Design and Procedure for Diatom Biomass (Fl;mrescence) in
Skeletonema costatum (Clone "Skel")

Prior to testing, monocultures of Skeletonema were maintained in enriched
seawater medium (ESM) in 2 L borosilicate Erlenmeyer flasks under a light regime of
12:12 hours (light : dark) at a light intensity of approximately 4000 lux from cool white
fluorescent bulbs. Culture temperature was maintained near 19°C. This bioassay was
conducted in accordance with the American Society for Testing and Materials Standard
Guide for Conducting Static 96-hr Toxicity Test with Microalgae (E 1218) (ASTM,
1992). At the beginning of each bioassay, 400 w1 of diatom stock was introduced into
three replicate Erlenmeyer flasks containing a combined 150 ml of leachate and filtered
seawater for the controls and different concentrations of the elutriate. The dilution
water was collected from the pumped seawater system at the pier of the Scripps
Institute of Oceanography in La Jolla. All seawater was filtered with membrane filters to
0.2 tm and enriched as the stock cultures. Both the Paper Pulp and Shredded Metal
materials were tested at concentrations of 100%, 50%, 25%, 12.5%, and 6.25% with

seawater controls. All elutriate concentrations were nominal values. The control groups
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received no addition of elutriate and did not exhibit background fluorescence. ‘A Turner
Model 112 fluorometer was used to measure in-vivo fluorescence from the diatom cells.
The fluorometer was equipped with a combination T-5 lamp, a red-sensitive
photomultiplier tube (R-136), a blue (5-60) excitation filter, and a red (2-64) filter to
detect fluorescence at wavelengths > 640 nanometers (nm). Chlorophyll 2 fluorescence
has maximum emission at 663 nm. The instrument was blanked between readings with
filtered (0.;1,5 um) seawater. All flasks were read within 1 hour after the introduction of
the diatoms into the flasks and at 24-hour intervals for a period of 96 hours. The
measured fluorescence is directly related to cell number and to the presence of viable
diatom cells relative to the leachate concentration. Mean relative fluorescence, standard
deviation, and the coefficient of variation were calculated for each control and leachate
concentration. Relative fluorescence, calculated as a percentage of control values, was
plotted over time during the test.
Experimental Test Design for Microtox (Bioluminescence) Assay

The Microtox Bioassay System is an acute toxicity test utilizing a specially cultured
bioluminescent bacteria (Photobacterium phosphoreum). The test is employed for the
determination of a dose response curve, from which the inhibition concentration (IC) of
test solution causing a specified effect is found. The method measures the effect on the
bioluminescent light output of the bacteria as they are challenged by the test solution.
Observations of light output are recorded at 5 and 15 minutes of exposure. This test is
usually used as a screen test for toxic effects. Three trials of the Paper Pulp assay were

performed with four dilutions and a control. Five minute and 15-minute readings were
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taken. Both the EC20 and EC50 were determined graphing the calculated Microtox
statistic on log/log paper. Also, the percent reduction of light output at the 100%
Ieachate dilution was calculated.
Experimental Test Design for QWIKLITE (Bioluminescence) Bioassay System

The QWIKLITE Bioassay also measures the inhibition of light emitted by the
bioluminescent dinoflagellate, Gonyaulax polyedra, exposed to a test solution. The test
lasts 96 hollrs and results are expressed as the percent of control in which all dilutions
are compared to the controls. Toxicity results are reported as the IC50 when a dose
response is the effect of exposure.
Testing of the dinoflagellates is accomplished by placing individual cuvettes containing
the test material, media, and cells into a darkened test chamber which is attacﬁed toa
photomultiplier tube (PMT). We have used our QWIKLITE bioassay system which uses
a 2-inch diameter 8575 PMT with an S-20 response used in the photon count mode. The
top of the test chamber is removable and houses a small adjustable motor which drives a
stainless steel shaft terminating in a plastic propeller. The propeller is seated into the
cuvette and as the contents are stirred, bioluminescence is generated and measured by
the PMT. Each test period is completed at 24 hour intervals thereafter until completion
of the bioassay. Mean light output (PMT counts) is calculated for each experimental
group and control. Light output means are then graphed as light output (percent of
control) as a function of time. All graphs represent the data collected at 96 hours of

exposure.
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RESULTS
Effects of Paper Pulp and Shredded Metal to Mysidopsis bahia

Paper Pulp - 5% Leachate

Three assays resulted in 15% to 60% mortality at the lowest concentration
(6.25%) and lethality in all higher concentrations of test solution (Figure 1. - 3). No
dose response was observable. Suspended solids in the elutriate were suspected of
contributix;g to toxicity. Consequently, no LC,, was observed in Mysidopsis bahia from
this material leachate and further assays would require centrifugation of the elutriate
prior to becoming a test solution. A NOEC value was not applicable due to the
observed effects.

Paper Pulp - 5% ILeachate. Centrifuged

Two of three assays resulted in LC50 values of 22% and 32% test solution at 96
hours of exposure (Figure 4.- 5.). The third assay resulted in total lethality (97.5%
mortality) in concentrations 12.5 thru 100% (Figure 6.) No LC50 was observable in
Mysidopsis bahia from the third assay of this leachate. After 96 hours of exposure, a
NOEC value was not applicable to two of the three assays due to observed effects but
equal to 6.25% (5%) leachate in the third assay.

Shredded Metal - 5% I eachate, Centrifused

Three assays conducted resulted in no significant mortality. No dose response
observed (figure 19.-21). No LC50 was observable in Mysidopsis bahia from the three
assays of this leachate. After 96 hours of exposure, the NOEC value was 100% leachate

in each of the three assays.
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Effects of Paper Pulp and Shredded Metal to Menidia beryllina

Paper Pulp - 5% Leachate, Centrifueed

In three assays conducted, no significant mortality occurred in any test
concentration (Figure 7. - 9.). No LC,, was observed in Menidia beryllina from this
material leachate. After 96 hours of exposure, the NOEC value was 100% in each of the
three assays.

Shredded Metal - 5% Leachate, Centrifuged

Three assays conducted resulted in no mortality in any test concentration (Figure
22. - 24.). No LC;, was observed in Menidia beryllina from this material leachate. After
96 hours of exposure, the NOEC value was 100% in each of the three assays.
Effects of Paper Pulp and Shredded Metal to Skeletonema costatum (Clone "Skel")

Paper Pulp - 5% Leachate. Centrifuged

Three assays resulted in dose responses where the IC50 values at 96 hours of
exposure observed to be: 12.5% - 25%, 25%, and 25 - 50% respectively (Figure 10. -
12.). A decline in plant biomass with increased concentration of test solution was
consistently observed daily until the assays ended at 96 hours. After 96 hours of
exposure, the NOEC value in two of the three assays was 12.5% (5%) leachate and 25%

(5%) leachate in the third assay.

Paper Pulp - 0.01% Ieachate. Centrifuged
One assay conducted resulted in no decline of biomass (Figure 13.). A slight
enhancement of growth was observed in conjunction with increased test solution. No

IC50 value was observable in Skeletonema costatum from this leachate. After 96 hours of
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exposure, the NOEC value was 100% (0.01%) leachate.

Shredded Metal - 25% I eachate. Centrifuged

A 25% Shredded Metal leachate assay resulted in an dose response and an IC50
value of 59% leachate (Figure 14.). After 96 hours of exposure, the NOEC value was

equal to 25% (25%) leachate.

Shredded Metal - 5% Ieachate, Centrifuged

On; assay resulted in no decline or enhancement of plant biomass (Figure 15.).
No IC50 was observable in Skelefonema costatum from this leachate. After 96 hours of
exposure, the NOEC value was 100% (5%) leachate.
Effects of Paper Pulp and Shredded Metal to Gonyaulax polyedra

Paper Pulp - 5% Leachate. Centrifused

One assay resulted in a dose response curve where after 95 hours of exposure, no
NOEC value was applicable and an IC50 value of 27.7% (5%) leachate was observed
(Figure 16.).

Paper Pulp - 0.01% Leachate, Centrifueed

One assay resulted in variable levels of bioluminescence (Figure 17.). A poor
dose response resulted in no observable IC50 value. After 96 hours of exposure, a

NOEC value was observed at 100% (0.01%) leachate.

Shredded Metal - 25% Ieachate, Centrifuged
One assay resulted in a dose response curve and an IC50 value at 96 hours at an
18.8% leachate (Figure 18.). After 96 hours of exposure, the NOEC value was 6.25%

(25%) leachate.
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Shredded Metal - 5% Leachate, Centrifuged

One assay conducted resulted in a dose response curve and an IC50 value at 96
hours at an of 18.7% leachate (Figure 25.). An NOEC value was not applicable after 96
hours of exposure.

Effects of Paper Pulp and Shredded Metal to Phofobacterium phosphoreum (Microtox)

Paper Pulp - 5% Leachate. Centrifuged

Tn'a;l 1 and 2 showed a 5-minute EC20 of 76% and 98%, respectively. The five
minute ECS50 in both those trials were at or exceeded 100%, the maximum dilution
tested. The third trial showed no toxicity as the control and the 100% leachate reading
were essentially the same. The 15-minute readings on trial 1 were inconclusive for
determining EC values because all mean readings for the dilutions except 100%
exceeded the control mean (Figure 26.). This yielded only one usable point, and a dose
response curve could not be plotted. After 15 minutes of exposure, the NOEC value was
100% (5%) leachate in each of the three trials.

Paper Pulp - 0.01% I eachate, Centrifuged

A 0.01% Paper Pulp leachate was tested using four concentrations and a control
for 5 and 15 minutes of exposure (Figure 28.). After 5 minutes, an EC20 value was
observed at 90% (0.01%) leachate. No EC50 value was noted, although 20% reduction
of light output occurred at 100% leachate. After 15 minutes, an EC20 value of 60%
leachate \x;as observed and 13% reduction of light output at 100% leachate. After 15
minutes of exposure, a NOEC value was not applicable due to effects observed.

Shredded Metal - 25% 1eachate, Centrifuged & Non-centrifueed

16



A 25% Metal leachate, centrifuged and non-centrifuged, were tested using four
dilutions, and a control, for 5 and 15 minutes of exposure time (Figure 27.). Only one
trial was performed. The centrifuged sample appeared more toxic than the
uncentrifuged. This may be due to enhanced stimulation in the uncentrifuged sample
due to a white residue, resembling vegetable shortening, observed on the metal pieces
used for the leachate. The 5 and 15 minute EC20 for the centrifuged sample are 27.5
and 46%, ;espectively. Both EC50 values exceeded 100% leachate. The 5 and 15
minute EC20 values for the uncentrifuged sample were 89 and 80% respectively. The
ECS50 values for this sample both exceeded 100%. A NOEC value was not applicable

after 15 minutes of exposure due to an effect observed in the lowest concentration

tested.

Shredded Metal - 5% ILeachate. Centrifuged

A 5% Metal léachate, centrifuged, was tested using four dilutions and a control
for 5 and 15 minutes of exposure (Figure 29.). After 5 minutes, an EC20 value at 44%
leachate was observed. No ECS50 was noted although there was a 23% reduction in light
output at 100% leachate. After 15 minutes exposure, no EC20 or EC50 value was noted
and only 13% reduction of light output occurred in 100% (5%) leachate. A NOEC
value was not applicable after 5 or 15 minutes of exposure due to effects observed in the

lowest concentration tested.
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RAL.\\ ‘Drx‘rA R QQCL( '&'c
#

€i§0<e

cooQeoe4024

TZST MATZRIAL:

-
. ran

SQURCE:

BRCTOCOL: ==z

Z7a Acute, 4th
TS, ox
TTST TVIT. 28} I <
ST TYZEZ: {(2€) hr acuts
D e e A
RosZRENCE TOXICANT TITST:

Test Numcer: 0Q6CCQ4JZ4

Tast Data: 25-Ace-5S

¢ )} Chreatc (X)

Acute 96 heurs

Saurca: Test Matarial: 8PP (X))

Cont. Caily Survival Precp Femai2s Prea Weight

Conc  Rep Ha. Stars 1 2 3 4 5 6 csnd Alive w/2gss W/255s  /Mysic
0.0 1 -] 10 ¢ 9 9 9 .50
0.0C0 2 12 10 1 9 8 8 .20
.25 1 9 10 777 .72
6.250 2 8 1 S 5 5 5 .50
12.5¢0 1 10 10 0 ¢ ¢ @ 0.00
12.5c0 2 2 1 33 2 2 .20
25.0¢c0 + 11 1 g 6 0 ¢ g.cc
25.0cc0 2 7 10 0 0 0 G 0.60
560.000 1 1 10 g ¢ 0 O 0.09
50.0c0 2 3 1 g 0 0 0 [saie}
1C0.8C0 1 5 10 ¢ 0 a g 0.C3
100.000 2 &4 10 Q 0 0 ¢ 0.00



Raw Dar AFEiFE:L 1o

TEST DATZ TZST NUMBER

Start: 25~Apr-95 0000004025

g
n
'1
L
Q
g
n
l..l
7
1§
Y
-y
,-l
v

s}
i

;
ar acute { ) chrcnic

HYS{D TIST CATA

Test Numocer: QGGCQCLJES ¢ ) Chrenic  (x) Acuta 96 heurs
Test Datae: 25-Acr-5S
Ssurce: Test Matarial: BPP (XD
Cant. Oaily Survival Proc rFemales Pros Weignt
Canc- Rep Neo. S:zart 1 2 3 4 5 & &End Alive w/aggs W€/eggs /Mysic
8.000 1 3 10 g ¢ 8§ 8 .86
0.0 2 2 10 g ¢ 9 9 .$C
&.250 1 4 10 0 0 0 8 0.00
6,250 2 5 10 333 3 .3a
12.580 1 10 10 ¢ ¢ 0 Q 0.c0
12.560 2 & iC & & & & &0
25.000 1 9 1C o § &6 & .40
25.000 2 11 13 g ¢ 0 ¢ 0.G0
580.000 1 8 10 ¢ 9 ¢ @ 0.490
50.0Cc 2 12 10 33 3 3 .30
1006.0C0 1 7 10 2 2 1t 1 .10
100.0c0 2 1 iQ 301 11 .10

. 2



Raio Dara Lerze o Fi6. 5

0000004026

TIST MATERIAIL: Paper Pulp
SQURCE:
PROTCCOL: =2A Acute, 4th addition, 1S9%
TZS3T TYRZ: (¢8) hxr acuts { )} chrcnlc
RETERINCEZ TCXICANT TEST:
, MYSID TEST OATA !
Test Number: GCL0GC4JZ4 ( )} Carenic {X) Acute $& heurs
Test Date: 25-Apr-99 '
Source: Tast Materiat: 3F° (%3 P
Cenet. Catly Scrvival Preo remales  Prac weigne

sne Reo Mo, Start 1 2 3 4 5 4 Era Alive w/2gg9s w/aggs /Mysid

C.000 1 4 1Q i0 10 10 10 1.08

g.00 2 5 10 1013 8 8 .8C

4.250 1 2 10 & 4 & 6 .30

4.2 2 9 10 32 2 2 .20

12.500 1t 1 1 5 S &6 & JA0

12.5Cc 2 1) 1 g 0 0 @ g.qacC

25.000 % 3 10 ¢ 0 0 0 g.co

25.000 2 12 10 g ¢ ¢ 40 G.Co

5¢.adc 1 igQ 10 4L 4 4 4 )

50.000 2 11 10 5 5 &4 4 W43
100.0Co 1 7 10 2 2 2 2 .20
100.GC0 2 8 10 L 4 4L 4 W40



Rhw DA‘TA,, REFER IO

ST

TEZST DATE

Start: 2-May-S5

TEST NUM3ER

0000Cc04023

TZST TVY>RE: $8) Lxr acuta
RZFTERCZNCE TCXICANT TEST:

MYSiD

Test Nurter:

00C00040238 ¢ ) Chrsnic (x) Acutz 98 nours
Test Dats: 2-Hay-95
Saurze: Test Hatarial: 8PP (X)
Cant. Daily Survival Preop Femalas Preo w2ignt
Cane  Rem No. Start 1 2 3 4 3 & End Alive w/2ggs W/e2ggs  /Mysic
g.Q0 1 10 10 10 10 10 10 1.00
0.000 2 1 10 9 ¢ 9 8 .80
6.250 1 2 10 3 8 8 8 .80
6.250 2 3 10 3 9 9 9 .50
12.500 1 12 10 5 5 5 5 .50
12.50 2 8 10 5 4 4 4 40
25.000 1 & 10 g8 8 7 7 .70
25.00 2 9 1o 3 & 6 3 .5
50.000 1 T 10 AT T T .10
50.00 2 4 10 6 2 2 2 .20
103.000 1 5 10 7T 4 3 3 .30
100.0C0 2 11 10 g ¢ 0 @ 0.20



[ WATER QUALITY

Test Number: 0000004028 Test Date:  2-May-1995 Source:
pH DO  salin  Temp Cond Hard Alk NH3 Chlor SQ3 TS

Test

Hinimam  7.70 S50 32.00 25.0

Maximum 8.00 4.3 32.00 25.0

" pH  LO  Salin Temo Cond Hard Alk  MH3  Chlor  SC3 TS

Day: 0

¥inimom  7.90 &.1 32.60 25.5

Maximem 8.00 4.3 32.60 25.5
Day: 1

Minimm 7.70 3 32.00 25.0

Maximam 7.0 4.8 32.30 24.0
Cay: 2

Minimam 7.70 1.1 32.0¢ 25.3

Maximam 7.9Q 4.4 32.€0 25.5
Qay: 3

Minimam. 7.70 1.3 32.00 25.0

Maximuom 7.50 5.1 32.60 25.0
Cay: 4

Minimem 7.80 2.3 32.00 25.3 -

Maximam 7,90 3.0 32.00 253.5




WATER QUALITY

Test Wumcer: 0000004028 Test Bate: 2-May-1995 Saurce:
Centainer  Conc £H ale} salin Temo Cond Hard Alk NH3 Chtor 833 TS
Day: 0 Time: 1400
0.00 0 8.0 6.29 32.00 25.5
6.25 0 8.00 6.17 32.00 25.5
12.50 D 8.00 &6.11 32.00 25.5
25.60 D 8.C0 4.29 32.00 25.5
56.00 0 7.9 4.05 32.00 325.3
i00.00 b 7.0  4.31 32.00 25.5
1 Time: 1400
.30 D 7.50 4.8C 32.00 25.0
&.25 D 7.70  3.98 32.00 25.0
12.300 - 7.70 1.82 32.00 24.0
25.00 0 T.80 2.00 32.00 25.0
30.00 0 7.20 1.76 32.00 23.0
100.00 o 7.3¢ .51 32.00 25.0
Qay: 2 Time: 1400
Q.28 0 7.0 4,43 32.00 25.3
6.25 D 7.0 4.20 32.00 25:5
12.20 0 7.30 3.8% 32.00 25.5
25.00 0 7.30  2.40 3Z.00 25.5
50.0¢ b 7.80  1.20 32.00 25.5
1€40.00 O 7.70  1.14 3Z.00 25.5
Day: 3 Time: 1430
.00 p 7.50 5.08 32.00 25.0
$.25 0 7.80  6.93 32.0¢ 25.0
12.30 D 7.80 4.34 32.00 25.0
25.00 D 7.80 4,386 32.00 25.0
50.C0 0 7.8¢ 2.43 32.00 25.Q
100.00 ¢ 7.70  1.30 32.90 25.0
bay: 64 Time: 1400
0.00 D 7.90 5.00 32.00 25.5
.25 D 7.0 4.5 32.00 25.5
12.50 D 7.0 4,77 32.00 25.5
25.00 0 7.80 4.13 32.00 25.5
50.00 D 7.80 3.5 32.00 25.5
106.00 D 7.90 2.28 32.00 25.5



WATER QUALITY

I
Test Numoer: 000C004G28 Test Date:  2-May-1995 Seurce:

Contatner i 0Q Salin  Temo  Cona Harc Alk NH3 Chler S33 s

Concentraticn: 0.00 D

Day/Time
| |0 1400] 8.00 | 6.29 | 32.00 | 25.5 | I | I I | | I
I I | I i | I ! I ! I | I I
| |1 1400| 7.50 | 4.30 | 32.90 | 25.0 | | | | I | I I
| I I ! | I I I I ! I I | |
[ |2 1400[ 7.90 | 4.40 [ 32.00 | 5.5 | I I I [ I [ I
I | I I ] I I I ! i I ! ! I
| |3 14008] 7.50 | 5.08 | 32.30 | 25.0 | { ] i ] i | |
| | | I | | I ‘ I | | I ! I
| |4 1400] 7.0 | 5.00 | 32.00 | 25.5 | | ! I | | I I
! | I I ! ! I | I I | | i !

Concantraticn: 8.25 0

Day/Time
| |0 1400| 8.00 | &.17 | 32.90 | 25.5 | I ! I I I I I
I I | [ I ! | ! I [ I I ! I
! {1 1400| 7.70 | 3.58 | 32.30 | 25.0 | i | | ! { ! |
i | ! ! | ! I ! ! I ! | ; !
I |2 1480| 7.50 | 4.20 | 32.30 | 25.5 | i | | | | j I
I | [ | - I I I I I | I ! i
I |3 1408] 7.30 | 4.93 | 32.00 | 25.0 | | | | | | I !
I | | ! | I I ! ! | | I I I
| [4 1400] 7.90 | 4.95 | 32.00 | 25.5 | i 1 ! I I | ]
| I I I I I ! ! | I I ! I I

Cencentration: 12.50 0

Day/Time
| |o  1400] 8.00 | &.11 | 32.00 | 25.5 | i | | | i ! I
I I I ! | | I I I | l I i |
| |1 1600 7.70 | 1.82 | 32.00 | 25.0 | [ | [ ! I I |
| ! ! | ! I I I ! | I I I I
| }2 1480f 7.80 | 3.89 | 32.00 | 25.5 | 1 | | ! I | I
| ! I I | I I : | [ I I I !
[ I3 1400| 7.80 | 4.54 | 32.00 | 25.0 | i I ] | I | |
I | I ! I | | I I I | | I
| |4 1400 7.90 | 4.77 | 32.00 | 25.5 | | | l ! I I
I [ I i f I f I l | | I ] I




WATER QUALITY

|
Test Number: 0000004028 Test Date:  2-May-1995 Source:

Container i3] ple} Salin  Temo ord

Caoncentration: 25.00 0

Day/Time
| |0 1400] 8.00 | 6.29 } 32.00 | 25.5 | I I | | I I |
[ I ! | | I I | | ! I ! |
| {1 1400| 7.80 | 2.00 | 32.00 | 26.0 | I | | | I I I
I I I l I ! I I I ! ! I I I
| [z 1400} 7.30 | 2.40 | 32.20 | 25.5 | I ! | | | | |
I I (- | I I I I | I I 1 I I
i |3 1400{ 7.80 | 4.36 | 32.00 | 25.0 | | | { { I | |
J— | I ! I | I ! I I I ! !
[ {6 1600 7.80 | 4.15 | 32.00 | 25.5 | I ! I I I I |
I ! | I I ! l ! I I I I I !

Concentratien: 50.00

Day/7ime
! [0 1400) 7.50 | 6.05 | 32.90 | 25.5 | | | | I I | !
I ! I | I I I I I I I I ! I
| j1 1400| 7.80 | 1.76 { 32.00 | 24.0 | i | ! | | | J
| { ! | ! I [ ! ! | | I I !
I {2 1400} 7.80 | 1.20 | 32.90 | 25.3 | | | ; | I | |
I | I I | I I l ! I I ! | |
| [3 1480} 7.80 | 2.43 | 32.00 | 25.0 | { { I | | | |
I l I I I ! I I I I I I I I
| |64 1400} 7.80 | 3.56 | 32.00 | 25.5 | { { | ! | | i
| ! | I ! I I I ! I i I !

Cancentraticn: 100.00 0

Day/Time
| [0 1600} 7.50 | &.31 | 32.00 | 25.5 | | I | | | I I
! ! | I ! I I i I I | | I I
| |1 1400{ 7.80 | .51 ] 32.00 | 2.0 | | [ | | | I |
! I I I | I | I I I I I I I
| ]2 1400} 7.70 1 1.14 | 32.00 | 25.5 | | | | | | I |
| | I [ l I I I [ | I I I I
| |3 t400{ 7.70 | 1.30 | 32.00 | 25.0 | I | I | | | I
! I i I | | I | | I I I I I
| |6 1400 7.90 | 2.28 | 32.00 | 25.5 | I ! | | | I i
I I I I | | I I [ I [ | I I




Acute
y » hour=96
Iteration Intercept
0 5.58164339
1 5.71721008
2 5.72236353
3 5.7223811¢9
4 5.72238119
Covariance Matrix
Intercept
Intercept 0.07172943
Slope -0.00122280

Cevariance Matrix

Mu
Ma 78.01023%850
Sigma -18.78825153
Chi-Square = 24,0402
Prcbapility > Chi-Sguars =

e abcove covariance matric
ck that large chi-square
value of 2.228092 will b

Th
1)
EES

Che
AT

Toxicity Biocassays - Mysids
Paper Pulp- O02ZMAYS5S

Mu
31.98495866
32.40970527
32.2976128°¢
32.259688793
32.29688751

Slope
-0.01818490
-0.02212948
-0.02236584
-0.02236690
-0.02236690

Slcpe
-0.00122280
0.00004437

Sigma
-18.78825153
177.28496191

th

.0075

W 10 Degrees CI

.
1

X
0

es have teen multip
value is not from
e used TO ccmpute

i
B
NESES I =N

b

1
0>
K

|
K

b

=

Page: 2
SMay<S5:08.30

Sigma

.59066801
.1885785¢9
.71103310
.70892691
.708928686

=



Page: 3
Acute Toxaicity Bioassays - Mysids 5May$5:08.30
Paper Pulp- 02MAYSS5

By -~ hour=Sé6

Probability Dose 5% Fiducial Limits

Lower Uprer
0.01 136.30540501 353.36728662 ©0.339¢2967
0.02 124.117738830 317.46209422 82.69455563
0.03 116.38515245 294.72500787 77.80020333
0.04 110.56818408 277.64961139 74.08954453
0.08 105.8365285%7 263.78232972 71.04897342
0.06 101.80914725 251.89766711 68.44239753
0.07 98.27792131 241.681118¢&0 66.140645C3
0.038 95.11612963 232.45866672 4.06491331
0.095 - 892.24080859 224.0849686387 62.16336706
0.10 82.59368292 216.3899%9232 60.38%96091
0.18 78.63471183 184.7007¢8552 52.528293474
0.20 69.924886956 159.79560725 46.71082084
0.25 62.4526007¢% 138.74350203 41.055905351
0.30 55.74227258 120.23019582 35.59687034
0.35 49,.52415311 103.578%1064 30.02864751
0.40 43.62376315 88.46445861 24.058556855
0.45 37.91507125 74.78527420 17.33858846
0.50 32.2963887¢1 62.59163362 ©.4262801c1
0.55 26.6787C4533 51.874£07849 -0.00127C07
0.80 20.97001067 £2.%028973¢% -3131.32524188
0.65 15.06952272 35.13628%97 —-24.648737C5
.70 8.85150325 28.283%57350 -4£0.013¢525¢
0.75 2.14117504 21.92418460 -57.583252107
0.80 ~5.331098373 15.64285024 =~78.05220725
0.85 —-14.,040936C53 8.97044287 -102.50310205
¢.%80 . -24,9989070¢ 1.13855432 —133.85143647
0.51 ~-27.64683077 -0.66367864 —-141.48758431
g.%2 -30.52233381 -2.62177039 -149.80473856
0.83 —-33.68414548 -4.75215434 -158.97253823
0.94 .~37.21537143 -7.10710827 -16%5.23588530
0.953 —41.242735314 ~2.76598129 —-180.96825077
0.96 —45.57440825 ~-12.8588693%97 —-194.78332088
0.97 —-51.7%1378862 -16.62251674 —-211.80562344
0.88 -59.52402247 ~21.57330935 -234.48625943

0.¢8¢ -71.71162919 —29.28444588 —-270.3256%9234
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Raw Data, Reeeg 10 FIe. S

TEST DATE TEST NUMBER

£0C0o0o0402¢

Wy
fu

g
{®
i
o]
[
'—J

Us]

MYSID TES3T DATA

Test Mumcer: 0GCGQQ4029 ¢ ) Chrcnic (X)) Acute $6 heurs
Test Date: 2-#Hay-$3
Scurce: Test Mazarial: 3PP (W)
Cant., Baily Survival Preo Females Prep Waignt
Conc Rep No. Stars 1 2 3 4 5 & End Alive W/egss w/eggs /Mysic
g.cco 1 11 10 10 8 & 8 .20
g.0co6 2 1 10 13 10 10 1a 1.0Q
6.250 1 10 10 g 9 9 8 .80
6.250 2 8 10 7 6 & & .40
12.500 1 2 10 7T 7T 77 .70
12.260 2 3 10 33 3 3 .30
25.000 1 7 10 ¢ 2 5 3 .50
25.0C0 2 46 10 10 8 & 3 .30
5g.0¢0 t+ 9 1C ¢ 7 1 1 .10
50.600 2 12 10 3 7 1 Q 0.00
{0Q.0C0 1t 4 10 7 0 G O Q.90
100.€c0 2 5 19 31 11 .10



Acute Tcxicity Bioassays - Mysids
Paper Pulp- 02MAYSS

fteration Intercept Slope Mu
0 5.49634416 -0.02144678 23.14305860 -
3 5.67416007 -0.02972672 22.678587¢81 -
2z 5.71033013 -0.03218082 22.07308637 -
3 5.7126912% -0.03235435 22.0276818°9 -
4 5.71270117 -0.03235509 22.02748026 -
5 5.71270117 -0.032355089 22.02748025 -
Covariance Matrix
Intercert Slope
Intercept 0.02005237 ~-0.00211832
Sloge -0.0021.5632 0.00010545
Ccvariance Matrix
Mu Sigma
My 45.87520830 -6.09755290
Sigma -5.08755290 $6.22445449
Chi-Sguars = 26.9%08 Wich 10 Degrzes Qf Fresadem
Preobability > Chi-Sguars = (€.0026
The azbcve covariance matrices have been multiplied by the
feck that large chi-sguars value 1s nct from systematic va
T value of 2.228092 will pe used to computse 85 fiduclel 1

iy

WLy L w

Pacge: 2
9Mays5:08.31

WWwoo o,
QO OO~
OO <l O Wn
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U n oy 6y O
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UL Ol 4 b 00—

QO O~ L3
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) Page: 3
Acute Toxicity Biocassays - Mysids SMay$5:08.31

Paper Pulp- 02MAYSS

By > hour=Sé

Probability Dose 95% Fiducial Limits

Lower Uprer
0.01 83.9279%9676 274.42628271 61.19330151
0.02 85.5027711¢% 245.92433760 55.9851514¢
0.03 80.1572355¢9 227.87828184 52.64977018
.04 76.13559731 214 .32788%27 50.11276116
0.05 72.86503013 203.324937¢66 438.02575800
0.06 70.08092327 193.975%90324 486.,24068503
0.07 67.63%80618 185.,79287321 41.657748612
0.08 65.454076%6 178.478%91284 43.227442456
0.0¢9 63.46824368 171.83925436 41.91454282
.10 61.63643989 165.73893313 £0.6945208¢%
0.15 54.06056341 140.63301€086 35.4822826¢
0.20 43.03%9487286 120.83127029 31.10603281
0.25 42.87395891 104.31673381 27.08323215
.30 38.23514588 89.735424¢85¢ 23.05980515
0.35 33.93635405 76.73112854 18.8858634¢
0.4 29.85788827 63.0156528% 141.283208¢CsS
0.45 25.91129953 54.,55¢285664 8.551383¢9
0.50 22.02748025 45.42006758 2.253135318
0.5 18.143680¢8 37.64520%€8 -3.20887781
0.60 14.138727224 31.142705686 —14.,485161086
0.65 10.11836645 25.635868683629 -25.32722881
c.70 5.81¢881463 20.8587613¢8 -37.7250€322
c.75 1.18100180 16.42749441 -51.8330548¢6
0.80 -3.984533675 12.0718164 -58.16271401
0.85 —-10.005802¢0 7.463¢3770 -87.564481(0¢%4
0.¢0 -17.58147938 2.08878635 -112.535835GC5%
.91 -19.41128317 0.850298288 -118.65768432
0.62 -21.39811845 -0.489¢7984 -125.269%6552
0.93 —23.58484587 —-1.9486744%3 —~132.5374&€838
0.94 -26.02596277 -3.535543202 ~140.71473474
0.85 -28.81006%962 -5.3888%252 -150.03843764
0.56 -32.081038680 -7.47811743 -161.0160%730
0.97 -36.10227508 -10.04088958 -174.5407586%3
0.98 -41.44781068 —-13.40762889 -192.35%45470
.99 -49,87303825 —-18.643866537 -221.02551334
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K amw Dara, ReErez 1o Flé. G

TIST DATE TEST NUMBER
Start: z-Mav-55 0000004030
SPECIES: Mysidorsis bahia

'ty

{1
'
U]
e
'y
£5
j—
g

TR Ty . =4 - — i <
TEZST TYZ2Z: (%6) hr zcuts ( ) chrenic
o e vt m
RETZRINCE TCXICANT T=S7T:

Test XNumper: CC0CCOCA030 ( ) Carcnic (X)) Acute $6 hours
Test Date: 2-M¥ay-%5
Saurce: Test Matarial: 8PP (R)
Conct. Daily Survival Prcg  Females  Prop weignt
Cane Reo No. Start 1 2 3 4 85 & Erd Alive w/ecgs w/eggs /fHysid
g.000 1 1 i 0% 9 9 ]
g.ggo 2 2 ¢ 1010 ¢ 9 .54
6,250 1 s 1a T T 77 .70
$.250 2 S 1 7777 .70
12.500 1 3 10 g 0 0 @ 0.00
12.560 2 7 10 g 06 ¢ 0 0.3
25.060 1 8 10 1111 .1
25.00c0 2 12 10 5 00 ¢ 0.c0
50.008 1 13 10 4 ¢ 0 @ 0.00
50.000 2 4 10 4 1 1 .10
104.0Ce 1 é 10 7 4 0 G Q.00
100.0Cc 2 1Q 10 4 ¢ ¢ ¢ g.ag



Page: 2

Acutas Toxicitv Bicassays - Mysids SMay95:08.32
Paper Pulp - 02MAYSS
ly > hour=96
Iteration Intercept Slape Mu Sigma
0 5.963307838 ~-0.054411%6 17.79586572 -18.37831337
1 5.4%5918111 =0.06142942 8.12608237 -16.27884590
2 5.59056440 -0.07346053 8.03820681 -13.61275225
3 5.60256892 -0.07519683 . 8.01322208 -13.26843242
4 5.60270301 -0.075218856 8.01265804 =13.294537¢7
5 5.60270303 -0.0752188%8 8.01265783 -13.29453735
Covariance Matrix
Intercept Slcpe
Intercept 0.6857836¢ -0.03324949
Slcpe =0.03324949 0.0031s034
Covariance Matrix
Mu Sigma
Mu 63.94239983 18.06106537
Sigma 18.06108337 89.66198435
Chi-Squares = 141.63€67 With 10 Degreses OFf Freedcom
Probability > Chi-Squars = 0.0000

The above covariance matrices have been multiplied by the hetercgene:rty facter
Check that large chi-sguare value is not from systematic variaticn
T value of 2.228092 will be used to ccmpute 935 fiducial limits



Page: 3
Acute Toxicity Bioassays -~ Mysids 9May85:08.32

Paper Pulp - 02MAYSS

By > hour=Sé

Probability Dose 95% Fiducial Limits
Lower Upper
c.0% 38.94037683 -28.57590548 17.72027114
0.02 35.3162%9%70 -22.6089%9271 15.78188029
0.03 33.01853901 -18.69003445 14.41858319
0.04 31.28721949 -15.632796%82 13.28398843
0.08% 25.88022608 -13.04121278 12.25623673
0.06 28.682653868 -10.72374405 11.27002270
0.07 27.632616%6 -8.5627423% 10.2761832¢
0.08 26.69243430 -6.456347563 ©.22187119
0.09 25.8373757% -4.31655064 8.02552157
0.190 25.05029303 -1.%80755802 £.45136826
6.15 21.79156015 4.1030170C1 4£,210301701
g.20Q 19.20182270 5.54243205 5.54243205
Q.25 16.87%68710 6.77732132 6.777321%2
0.30 14.98432C28 7.88682%117 7.88682%117
0.38 13.13531545 §.91391651 8.¢1391s631
0.4 11.38C7%050 9.88503287 ©.88%03257
0.45 9.68326721 10.832468869 10.8324885¢9
0.50 8.012657%3 11.76084676 11.760¢4678
0.55 5.34204865 12.68542483 12.63942483
¢.60 4.64452537 13.83285095 13.6323606%5
g.85 2.83000041 14.60797701 14.860797701
Q.70 1.0409¢553 15.683560233 i2.63560233
Q.78 -0.535437123 18.7445715Q 16.74437180
0.80 -3.176308683 17.87946147 17.97%948147
0.83 -5.786624429 11.72484%946 27.112%0336
0.50 ~9.0249771¢6 8.5964503¢ 33.863528456
0.91 -9.81205¢%82 8.00685171 35.32800441
Q.92 =-10.66711844 7.4062023C 36.87908819
0.83 ~11.60730109 6.7828935¢% 38.5464525
0.%4 =12.635733782 6.12654858 40.370585¢31
0.¢5 =-13.854¢1021 5.41550567 £2.41313574
0.98 =15.26190363 4.62176337 44 .770333L7
0.97 ~16.58182314 3.69402456 47 .62123273
0.98 -15.25098383 2.52292754 51.34817193
0.%99 -22.51506082 0.77973022 57.1186%115



ACUTE TOXICITY BIOARSSAYS - MYSIDS
PAPER PULP - S2MAYSS
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2aw Data, Rerrs

To FMN—7

TZST DATTZ TEST NUMEIR
Start: S~May-285 00CQ0C04Q31
SPECIZS: Menidia kerylliina
TEST MATERIAL: Paper Fulp
SCURCE
PROTCTCOL: TPA Acuze, 4th addition, ls9i
TZIST TYPE: (26) hr acuts { ) chireonic
RITTRENCE TOXICANT TZEST: 00000042034
FiSd TEST DATA
= ;
Tast Nurger: 00CCCCAGI1 ( ) Chrenic  (x) Acute 6 hours
Test Dazz: G-Hay-33
Saurce: Test Material: 8PP (R
Cene. Daily Survival Prao  Weight
Cane Reg  No Start 1 2 3 4 3 6 Ex Alive [/Fish
0.c0 D i 13 10 1010 1C 9 .G0
g.c o] 2 12 1 10 10 10 10 1.00
.25 © 1 3 10 10 10 18 19 - 1.00
250D 2 7 10 12 10 10 10 1.00
50 D 1 3 i0 10 18 10 10 1.00
12.50 B 2 ) 1Q 3 9 9 9 .90
25.00 © 1 10 10 70 10 10 13 1.00
25.60 2 2 g 10 10 19 10 1.00
50.¢80 ¢ 1 S 1 iC 10 10 18 1.00
50.00 O 2 1 10 10 10 10 10 1.00
100.00 ¢ 1 9 10 10 10 10 108 1.00
10C.00 ¢ 2 [ 1Q 10 ¢ 9 9 .90



Raw DATA, REFER To Fig, 8

TEST DATE TEZST NUMEZIR
Start: ©-Mav-85 0000004032

SCQURCE:
. T ~ .- A - 2&Eieion ~ec "
PRGTOCCL. TTA ACU E‘:, 4T 2CCLTlOn, -7~
TEST TY2T: (S$8) nhr acucs ( ) chrconic
RITTIRINCE TCXICANT TIST: £000004C3=
FISH TZST DATA i
.
s=mE=== === !
Test Nurcer: (GGQ0C4332 (¢ )} Chranic  (xX) Acuta $6 heurs
Test Data: G-May-$5
Source: Test Matarial: 3PP (3

Cant, Daily Survival Prop  Weignzt
Cene Ren  MNo. Start 1 2 3 4 5 & End Alive /Fish

0.00 o 1 é 13 10 10 10 10 1.00
8.60 o 2 5 10 10 i 10 10 1.00
6.25 O 1 9 16 10 10 10 1@ 1.00
6.23 D 2 1 g 10 10 10 10 1.00
12.30 0 1 2 1 10 10 10 3 1.c0
12.50 © 2 g 13 30 10 iG 10 1.00
25.00 o 1 12 i0 10 10 10 10 1.00
25.00 D 2 1 10 30 10 10 30 1.00
53.¢8 © 1 3 i 9 7 6 .40
5¢.a0 o 2 4 10 10 1C 10 1% 1.00
100.00 D 1 10 - 10 1010 10 1C 1.00
1€0.00 © 2 7 19 16 9 9 9 Ry



oo
TEST

DATZ

Starxt: 9-May-¢5 QCCCC0403:
SPECIES: Menidia hervllina

-
SQURC=E:

DD AR, . - <= -

FROTCCCL: Z23 Acuts, 4th additicn, 1ss:

— e

TZST TY2E

TCXICANT TEZST: 0000004034
| £134 TEST DATA {
| ez - semsszze=s|
Tast Nurper: 0C0CCCLQ33 ( ) Chranic (X) Acutz %6 heurs
Test Date: 9-May-5S

Scurce: Test Materiat: 3PP (X}

Cant Daily Survival rep Weignt

Conc - Rep Mo, Start 1 2 3 4 3 6 End Alive [/Fisn

0.50 o 1 10 iC 10 10 10 16 1.00
8.00 © 2 3 16 10 10 10 10 1.00
6.25 D 1 2 10 g 9 9 8 .23
6.23 D 2 11 16 101010 ¢ S0
12.50 O 1 3 10 1010 10 10 1.0G
12.50 O 2 i 10 10 10 10 10 1.00
25.60 D i I 10 1013 10 10 1.00
25.00 © 2 3 10 10 10 10 10 1.00
53.00 0 1 4 10 1013 ¢ ¢ .0
S0.50 D 2 12 10 10 10 18 10 1.C0
100.0¢ D 1 7 10 10 10 10 10 1.00
100.c0 o 2 9 10 10 10 10 10 1.00
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APPENDIX D

SOLID PHASE BENTHIC ORGANISM TOXICITY SCREENING REPORT

Source:

Toxicity Testing of Paper Pulp Slurry on Benthic Organisms.
A Report Submitted to: NCCOSC RDTE DIV CODE 522
San Diego, California

Coastal Resources Associates, Inc., 1995



A Report Submitted to:
NCCOSC RD-T&E Div.
Code 522
53475 Stroth Road, Rm 258
San Diego, CA 92152-6310

June 30, 1995

Toxicity Testing of Paper Pulp Slurry
on Benthic Organisms

Submitted by:
Coastal Resources Associates, Inc.
1185 Park Center Dr., Suite A
Vista, CA 92083

Study Director:
Thomas A. Dean, Ph.D.
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Toxicity Testing of Paper Pulp Slurry

on Benthic Organisms

Summary

Laboratory toxicity tests were conducted using paper pulp slurry derived from mixed paper
and cardboard waste from US ships. Tests were conducted during the months of May and June
1995, using amphipods and polychaetes. The tests were performed to investigate what effect, if
any, the paper pulp slurry would have on the benthic community if disposed of into the ocean.
Results of the toxicity tests showed no observed effect from the paper pulp slurry. The survival
of both amphipods and polychaetes was similar in the control sediments, and in the sediments with

paper slurry added.



Toxicity Testing of Paper Pulp Slurry on Benthic Organisms

1.0 Introduction

US ships are seeking to dispose of paper pulp slurry, derived from on board waste of mixed
paper and cardboard, into the Baltic Sea, North Sea, Mediterranean Sea, Caribbean Sea, and
Antarctic Ocean. Disposal of the paper slurry is proposed at an offshore distance of at least 12
miles and at least 50 meters depth. The slurry would be diluted prior to disposal to obtain a

maximum concentration of 2% slurry, and then discharged into the ocean off the ship’s wake.

Laboratory tests were conducted to examine the impact the paper slurry would have on the
benthic infaunal community under “worst case” conditions. To accomplish this, the
concentrations of paper slurry tested were higher than that expected to be found at the ocean
floor. The organisms chosen for the laboratory tests were amphipods and polychaetes, which are
both important components of most marine benthic communities. The amphipod species used
during the tests was Grandidierella japonica and the polychacte used was Neanthes

arenaceodentata.

2.0 Methods

A sample of the paper pulp slurry was delivered to the laboratory of Coastal Resources
Associates, Inc. by NCCOSC. Tests were performed according to standard protocols for the 10
day amphipod test and the 96 hour polychaete test. The Standard Operating Procedures for these
tests have been previously delivered to NCCOSC. The tests were performed in two types of
sediment, fine sand and silty sand. Grain size analysis and total organic carbon analysis were also

conducted on the sediment types to determine the influence of these variables on toxicity.



Both species were exposed to the paper slurry in the same manner. Sediment and seawater
were collected from an unpolluted source and placed in test containers to settle overnight. On
test initiation day, the seawater was renewed and the organisms were added to the test containers.
The organisms were allowed to burrow for 1 hour before adding the test substance (paper slurry).
The test substance was then added and allowed to settle on top of the organisms, simulating what

would occur in the real environment.

The concentrations of the paper slurry used in the tests were equivalent to the amount of
paper slurry that would settle on top of the sediment. Dilutions were prepared to create layers of
paper slurry that were 0.0lmm, 0.lmm, and 1.0mm in height. This was accomplished by
preparing an initial stock solution of 0.1% (by volume of solid wet material) paper slurry in
filtered seawater. The 0.1% stock solution was prepared by making serial dilutions of a 10%
solution of the paper slurry. This final stock solution of 0.1% was then allowed to mix well using
a stir plate for 1 hour. From prior calculations, enough of the 0.1% stock solution was added to

each test container to achieve the desired layers of 0.01mm, 0.1mm, and 1.0mm of settled paper

slurry.

After the test was initiated, the amphipods were exposed to the test substance for 10 days and
the polychaetes were exposed for 96 hours. During these periods, water quality was monitored
daily, and the overlying seawater was renewed every 48 hours without disturbing the sediment or
the layer of paper slurry. At the end of the exposure period, the organisms were removed from
the sediment and examined for mortality. In the amphipod test, the organisms were also examined
to determine whether they would rebury in a new container of sediment and seawater (no test
substance), after they were removed from the test container. This additional procedure to the
amphipod test is to help determine if there were any sublethal effects on the organisms from the

test substance.



3.0 Results

Toxicity tests were conducted using paper slurry at concentrations greater than that expected

to be found at the ocean floor. No toxicity was observed in the amphipod or polychaete tests.

Results of the 10 day amphipod test showed no significant difference in survival between the
controls and the highest concentration tested, a 1mm layer of paper slurry (P<0.05, Dunnett’s
test). A 90 - 100% survival rate was seen in all test concentrations. The paper slurry also showed
no effect in the organisms ability to rebury in new sediment after completion of the test (P<0.05,

Dunnett’s test).

Results of the 96 hour polychaete test showed no significant difference in survival between the
controls and the highest concentration tested, a Imm layer of paper slurry (P<0.05, Dunnett’s

test). A 95 - 100% survival rate was seen in all test concentrations.

There was no apparent effect of grain size on the toxicity of the paper slurry. There were no
toxic effects of the paper slurry in either sediment sample. Fine sand and silty sand were collected
for testing based on a visual examination of sediments in the field. We did not use coarse sand in
our tests, because amphipods cannot bury effectively in coarse sediments, and do not survive well.
However, grain size analysis indicated that the two samples of sediment used in the polychaete
test differed only slightly (see Section 6.0). In the polychaete test, both sediment samples were
composed of 96-97% sand and 3-4% silt and clay, but the silty sand sample was somewhat higher
in total organic carbon (861 vs 552 mg/kg). In the amphipod test, the fine sediment was
composed of 96% sand and 4% silt and clay, while the silty sediment was composed of 92% sand
and 8% silt and clay. The total organic carbon was slightly higher in the silty sediment (1190 vs

1040). There were no effects observed from the paper slurry in either sediment sample.

Details of specific test results, along with the physical/chemical data and individual test data

are given in Sections 4.0, 5.0, and 6.0 that follow.



4.0 Results of the 10 day Amphipod Test



Table 1. Summary of test information for the 10 day amphipod test using paper pulp slurry.

Test Information;

Date and Time of Test Initiation: 13 June 1995, 1700 hours
Concentratiéns Used:

Fine Sand Test: 0, 0.01, 0.1, and 1.0 mm layer of paper slurry
Silty Sand Test: 0, 0.01, 0.1, and 1.0 mm layer of paper slurry

2

Test Material Sources:

Dilution Water: La Jolia, CA.

Sediment: Newport Bay and Agua Hedionda Lagoon, CA.
Organisms: Newport Bay, CA.

Paper Slurry: NRAD

Dates of Collection:

Dilution Water: 6 June and 16 June 1995
Sediment: 10 June and 12 June 1995
Organisms: 10 June 1995

Paper Slurry: 27 April 1995



Table 2. Summary of final test results for the 10 day amphipod test using paper pulp slurry during
June 1995. For survival, the NOEC (no observed effect concentration) and ANOVA Mean
Square Errors (MSE) are given for analyses of arcsin transformed data. All tabulated means are
for untransformed data.

Fine Sand Test

CONCENTRATION % SURVIVAL % REBURIAL
(mm Paper Slurry) MEAN SD. MEAN S.D.
0 98.0 4.47 90.0 12.25
0.01 100.0 0.00 88.0 26.83
0.1 90.0 12.25 85.4 20.48
1 96.0 5.48 920 13.04
SURVIVAL: REBURIAL
NOEC = NOEC =
LOEC= . LOEC =
EC50= EC50=

Silty Sand Test
CONCENTRATION % SURVIVAL % REBURIAL
(mm Paper Slurry) MEAN SD. MEAN SD.
0 94.0 8.94 68.6  27.40
0.01 98.0 447 84.0 35.78
0.1 94.0 8.94 75.5 30.23
1 100.0 0.00 90.0 2236
SURVIVAL: REBURIAL
NOEC = NOEC =
LOEC= . LOEC= .
EC50= EC50= .

ANOVA MSE = 97.06 ANOVA MSE = 572.44



Table 3. Individual test data for survival in the 10 day amphipod test using paper pulp slurry.

Fine Sand Test

# #
Conc. Rep Alive Dead

10
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# #
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Table 4. Individual test data for reburial in the 10 day amphipod test using paper pulp slurry.

Fine Sand Test

# able # Not able

Conc. Rep to Rebury  to Rebury
0 1 9 1
0 2 9 1
0 3 9 0
0 4 7 3
0 5 10 0
001 1 10 0
0.01 2 10 0
0.01 3 4 6
001 4 10 0
001 5 10 0
0.1 1 9 0
0.1 2 9 0
0.1 3 10 0
01 4 4 3
0.1 5 7 3
1 1 10 0
1 2 9 1
1 3 7 3
1 4 9 0
1 5 9 0

Silty Sand Test

# able # Not able

Conc. Rep to Rebury  to Rebury
0 1 10 0
0 2 5 4
0 3 7 3
0 4 7 1
0 5 3 7
001 1 9 0
001 2 10 0
001 3 2 8
001 4 10 0
0.01 5 10 0
01 1 9 0
01 2 7 1
01 3 10 0
0.1 4 3 7
01 5 6 4
1 1 10 0
1 2 5 5
1 3 10 0
1 4 10 0
1 5 10 0




Table 5. Physical/chemical measurements taken every 24 hours for the fine sand test and the silty
sand test in the 10 day amphipod test using paper pulp slurry. Water quality parameters include

temperature (°C), pH, dissolved oxygen (mg/l), and salinity (ppt).

Fine Sand Test

Time (hours)

Parameter Conc. 0 24 48 72 96 120 144 168 192 216

Temp. 0 mm 185 193 180 187 182 . 182 182 181 185
0.0lmm 186 195 182 188 183 . 182 183 182 18.6
01 mm 189 193 180 183 183 182 183 182 186
10 mm 188 192 178 176 18.1 18.1 181 181 184
Salinity 0 mm 36 35 35 35 35 35 35 35 35
0.0l mm 36 35 35 35 35 35 35 35 33
0.1 mm 36 35 35 35 35 35 35 35 35
1.0 mm 36 35 35 35 35 35 35 35 35
pH O mm 79 77 79 8.1 8.1 8.1 8.0 80 79
00lmm 79 78 79 82 80 82 8.0 80 8.0
0lmm 79 78 79 81 8.0 8.1 8.0 80 80
10mm 79 77 79 80 8.0 80 79 7.9 7.9
D.O. 0 mm 66 66 68 87 85 73 74 70 69
00lmm 67 65 67 89 83 79 76 69 69
0l mm 66 64 67 87 79 74 73 7.1 7.1
10mm 63 60 68 74 76 6.9 6.7 64 66

Note: Water quality parameters were not measured at the 120th test hour.
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Table 5 continued.

Silty Sand Test

Time (hours)

Parameter Conc. O 24 48 72 96 120 144 168

Temp. 0 mm 187 190 180 182 177 . 177 179
00lmm 187 190 178 181 176 . 17.6 18.1
01 mm 185 188 18.0 181 176 . 175 17.8
1.0 mm 188 192 178 184 18.0 . 18.1 179
Salinity 0 mm 36 35 35 35 35 35 35
00lmm 36 35 33 35 35 35 35
0.1 mm 36 35 35 35 35 35 35
1.0 mm 36 35 35 35 35 35 35
pH 0 mm 79 78 79 81 8.0 8.1 7.9
00lmm 79 78 79 8.1 8.0 8.1 8.0
0lmm 80 79 79 81 7.9 8.1 7.9
10mm 79 79 79 80 79 80 79
D.O. 0 mm 66 6.1 6.6 82 85 79 72
00lmm 66 6.1 6.8 82 84 80 7.1
0l mm 67 62 67 81 8.3 76 7.1
10mm 64 60 67 78 8.1 75 6.9

Note: Water quality parameters were not measured on the 120th test hour.
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5.0 Results of the 96 hour Polychaete Test
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Table 6. Summary of test information for the 96 hour polychaete test using paper pulp slurry

during May 1995.

Test Information:

Date and Time of Test Initiation: 2 May 1995, 1500 hours

Concentrations Used:

FlnezSand Test: 0, 0.0 , 0.1, and 1.0 mm layer of paper slurry
Silty Sand Test: 0, 0.01, 0.1, and 1.0 mm layer of paper slurry

Test Material Sources:

Dilution Water: La Jolla, CA.
Sediment: Newport Bay, CA.
Organisms: Long Beach, CA.
Paper Slurry: NRAD

Dates of Collection:
Dilution Water: 26 April 1995 and 3 May 1995
Sediment: 28 April 1995

Organisms: 2 May 1995
Paper Slurry: 27 April 1995

13



Table 7. Summary of final test results for the 96 hour polychaete test using paper pulp slurry
during May 1995. For percent survival, the NOEC (no observed effect concentration) and
ANOQVA Mean Square Errors (MSE) are given for analyses of arcsin transformed data. All

tabulated means are for untransformed data.

Fine Sand Test
CONCENTRATION % SURVIVAL
(mm Paper Slurry) MEAN SD.
0 100.0 0.00
0.01 100.0 0.00
0.1 100.0 0.00
1 95.0 2236
SURVIVAL
NOEC =
LOEC= .
EC50= .
ANOVA MSE = 101.25
Silty Sand Test
CONCENTRATION % SURVIVAL
(mm Paper Slurry) MEAN S.D.
0 95.0 22.36
0.01 95.0 22.36
0.1 100.0 0.00
1 85.0 22.36
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Table 8. Individual test data for survival in the 96 hour polychaete test using paper pulp slurry

during May 1995.

Fine Sand Test
% %
Conc. Rep Alive Dead
0 1 . 100 0
0 2 . 100 0
0 3 . 100 0
0 4 . 100 0
0 5 . 100 0
0 6 . 100 0
0 7 . 100 0
0 8 . 100 0
0 9 . 100 0
0 w ... . . . . . . .100 0
0 ... . . . . . 100 0
0 2 . . . . . . . . . .100 0
0 3 . . .. .. . . . .100 0
0 4 . . . . . . . . . .100 0
0 s . . . . . . . . . .100 0
0 e . . . . . . . . . .100 0
0 7 . . . . . . . . . .100 0
0 8 . . . . . . . . . .100 0
0 | . 100 0
0 20 . . . L . . 100 0
6o0r 1 . . . . . . . . . .100 0
0.01 2 . 100 0
0.01 3 . 100 0
oor 4 . . . . . . . . . .100 0
oor 5 . . . . . . . . . .100 0
0.01 6 . 100 0
0.01 7 . 100 0
001 8 . 100 0
o1 ¢ . . . . . . . . . .100 0
01 10 . . . . . . . . . .100 0
o1 1 . . . . . . . . . .100 0
oot 12 . . . . . . . . . .100 0
o1 13 . . . . . . . . . .100 0
001 14 . . . . . . . . . .100 0
o1 15 . . . . . . . . . .100 0
o1 16 . . . . . . . . . .100 0
ot 17 . . . . . . . . . .100 0
o1 18 . . . . . . . . . .100 0
601 19 . . . . . . . . . .100 0
001 20 . . . . . . . . . .100 0
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Table 8 continued.

Fine Sand Test (continued)

% %
Conc. Rep Alive Dead

. 100
. 100
. 100
. 100
. 100
. 100
. 100
. 100
co- . . . . . . . .100
o . .. . . . . . . 100
o, L0
1z . . . . . . . . . .100
3 . . . . . . . . . .100
4 . . 0 0 0 . 0 . . 100
T 1010
6 . . . . . . . . . .100
7 . . . . . . . . . .100
B’ . 0 o . o100
e .. . . . . . . 100
20 . . . . . . . . . .100

T (0

OGO ~JON W s W) e

pred peeed e ek el el el ekl el poed it e el e el poed et el ek
—t
fam—y
DOOOOOODOOODOOOOOOOOOC O

1
2 . 100
3 .0
4 . 100
5 . 100
6 . 100
7 . 100
8 . 100
9 . 100
10 . 100
.. 0 o . 0100
2 . . . . . . . . . .100
3 . . . 0
14
15
16
17
18
19
20

-
o

COOOOOOOOOOOOOOOOOOO

. 100
. 100
. 100
. 100
. 100
. 100
. 100
. 100

et et R S OO 0 0000000000000
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Table 8 continued.

Silty Sand Test

% %
Conc. Rep Alive Dead
0 1 . 100 O
0 2 .0 100
0 3 . 100 O
0 4 . 100 O
0 5 . 100 O
0 6 . 100 0
0 7 . 100 0
0 8 . 100 O
0 9 . 100 O
0 10 . 100 O
0 11 . 100 O
0 12 . 100 O
0 13 . 100 0
0 14 . 100 O
0 5 .. . . . . . . . .10 0
0 66 . . . . . . . . . .10 0
0 7 . . . . . . . . . .10 O
0 8 . . . . . . . . . .100 0
0 9 . . .0 0. . . 100 O
0 20 . . . . . . . . . .100 0
001 1 . 100 O
001 2 . 100 O
0.01 3 . 100 0
001 4 . 100 0
001 5 . 100 0
001 6 . 100 0
001 7 . 100 0
001 8 . 100 O
001 9 . 160 O
0.01 10 . 100 0
o1 1v . . . . . . . . . .100 0
001 12 . . . . . . . . . .100 O
0.01 13 . .. . . . .10 O
001 14 . 100 0
0.01 15 . 100 0
0.01 16 . 100 O
0.01 17 . 100 0
0.01 18 . 100 0
gor 19 . . . . . . . . . .100 O
001 20 . . . . . . . . . . 0100
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Table 8 continued.

Silty Sand Test (continued)

% %
Conc. Rep Alive Dead
0.1 1 . 100 0
01 2 100 0
01 3 . 100 0
0.1 4 . 100 0
0.1 5 . 100 0
0.1 6 . 100 0
0.1 7 . 100 0
0.1 8 . 100 0
0.1 9 . 100 0
0.1 10 . 100 0
0.1 11 . 100 0
0.1 12 . 100 0
01 13 . 100 0
0.1 14 . 100 0
or 15 . . . . . . . . . .100 O
r 16 . . . . . . . . . .100 0
or 17 . . . . . . . . . .10 0
r 18 . . . . . . . . . .100 0
o1 19 . . . . . . . . . .100 0
61 20 . . . . . . . . . .100 0
1 . 100 0
1 2 . 100 0
1 3 . 100 O
1 4 . 100 0
1 s . . . . . . . . . . 100 0
1 6 . . . . . . . . . . 0100
1 7T . . . ... . 100 0
1 8 . 100 0
1 9 . 100 0
1 10 T 0 0
1 it . . . . . . . . . .100 0
1 2z . . . . . . . . . .100 0
1 3 . . . . . . . . .100 0
1 4 . . . . . . . . . .100 0
1 s . .. . . . . . . .100 0
1 6 . . . . . . . . . .100 0
1 iz . . . . . . . . . .100 0
1 2 L04) 0
1 e ... . . . . . . .100 0
1 200 . . . . . . . . . .100 0
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Table 9. Physical/chemical measurements taken every 24 hours for the fine sand test and the silty
sand test in the 96 hour polychaete test using paper pulp slurry. Water quality parameters include

temperature {°C), pH, dissolved oxygen (mg/l), and salinity (ppt).

Fine Sand Test

Time (hours)

Parameter Concentration 0 24 48 72 96
Temp. 0 mm 15.4 15.4 15.6 15.0 15.5
0.01 mm 153 15.1 15.2 14.7 15.2
0.1 mm 16.0 15.5 15.7 15.0 15.6
1.0 mm 153 15.9 16.8 16.2 16.9
Salinity 0 mm 36 36 36 36 36
0.01 mm 36 36 36 36 36
0.1 mm 36 36 36 36 36
1.0 mm 36 36 36 36 36
pH 0 mm 7.8 7.9 8.0 8.1 8.1
0.01 mm 7.8 7.9 8.0 8.1 8.1
0.1 mm 7.8 7.9 8.0 8.0 8.0
1.0 mm 7.8 8.0 3.1 8.1 8.1
D.O. 0 mm 7.8 82 8.2 8.3 83
0.01 mm 7.4 8.0 7.9 8.2 83
0.1 mm 7.6 8.0 8.1 8.1 8.2
1.0 mm 7.6 8.3 8.1 83 82
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Table 9 continued.

Silty Sand Test

Time (hours)

Parameter Concentration 0 24 438 72 96
Temp. . 0 mm 15.6 153 15.5 15.0 15.4
0.01 mm 15.7 15.7 15.9 15.3 15.7
0.1 mm 16.0 15.8 16.1 15.6 16.1
1.0 mm 15.6 15.3 15.6 15.1 15.7
Salinity 0 mm 36 36 36 36 36
0.01 mm 36 36 36 36 36
0.1 mm 36 36 36 36 36
1.0 mm 36 36 36 36 36
pH 0 mm 7.6 7.9 8.0 8.1 8.1
0.01 mm 7.6 7.9 8.0 8.1 8.2
0.1 mm 76 7.9 8.0 8.1 8.1
1.0 mm 7.6 7.9 8.0 8.1 8.1
D.O. 0 mm 78 8.0 8.2 8.4 83
0.01 mm 78 8.1 8.4 8.6 8.2
0.1 mm 77 79 8.2 83 8.2
1.0 mm 78 7.7 8.1 83 8.2

— - — . —— Y T —— A T S . G Ve T . D O e S S S T Y —— T — . - ——— ) T ——

20



6.0 Results of the Sediment Analysis
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Sediment Analysis

Table 10. Results of grain size analysis and Total Organic Carbon (TOC) content in sediments

used in toxicity tests with amphipods and polychaetes.

Amphipod Test
Fine Sand Silty Sand
Mean Grain Size: 166 microns 184 microns
% Sand: 95.5% 91.7%
% Silt: 21% 3.4%
% Clay: 2.4% 49%
TOC content: 1040 mg/kg 1190 mg/kg
Polychaete Test
Fine Sand Silty Sand
Mean Grain Size: 187 microns 178 microns
% Sand: 973 % 96.1 %
% Silt: 1.2% 1.5%
% Clay: 1.5% 24%
TOC content: 552 mg/kg 861 mg/kg
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Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg.10of9
SOP No.: TS 018.00 Effective Date: 03/23/95
1.0 Scope

This SOP describes general test methods for the 96 hour acute test for sediment toxicity

with polychagtes.

2.0 Application

This test is used as an acute marine sediment toxicity test for polychaetes.

3.0 Health & Safety
Test substances used in the polychaete sediment toxicity test may be toxic and special care
will be taken in handling these toxic substances. Health and safety procedures relevant to

toxicity testing are described in SOP’s H 001 through H 015.

4.0 Definitions
NOEC - No observed effect concentration. The highest concentration of a test or

reference substance that does not cause a statistically significant reduction in survival.

LOEC - Lowest observed effect concentration. The lowest concentration of a test or

reference substance that causes a statistically significant reduction in survival.

LCsq - A statistically or graphically derived estimate of the concentration of a test or

reference substance that is lethal to 50% of the test systems exposed.

Control Substance - Any chemical substance or mixture, or any substance other than the

test substance, feed, or water, that is administered to the test system in the course of the

Signeg: — - Approved:
. ?ﬂd( ) é ///Lr_-ﬁﬁ ,@Z'é S—
usan jano, Laborato anager omas ean, Ph.D., Laboratory Director

U



Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg. 2 of 9

SOP No.: TS 018.00 Effective Date: 03/23/95

study for the purpose of establishing a basis for comparison with the test substance for

known chemical or biological measurements.
Dilution Water - The water used to dilute test substances for use in toxicity tests.

Reference Substance- Any chemical substance or mixture or analytical standard other than
the test substance, feed, or water, that is administered to the test system in the course of the
study for the purpose of establishing a basis for comparison with the test substance for

known chemical or biological measurements.
Test Substance - A substance or mixture administered or added to a test system in a study.

Test System - Any organism (animal or plant) to which a test, control, or reference

substance is administered or added for study.

Start time for the test - The time of addition of the first test system to the test substance,

reference substance, or control.

5.0 Equipment

1 L glass beakers or jars (or equivalent disposable container)
Sieve (0.5 mm mesh)

Plastic sheeting

Thermometer

D.O. meter

pH meter

Refractometer

Cool white fluorescent light

Temperature controlled room

- Approved:

Eianager ‘Thomas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg. 3 of 9

SOP No.: TS 018.00 Effective Date: 03/23/95

Continuous temperature monitor
Air pump, air lines, and disposable pipet tip

6.0 Procedures

6.1 Test"'System

Species Neanthes arenaceodentata

Source Don Reish, California State University
Long Beach, Long Beach, CA

Age/Life-stage 2 to 3 months from time of emergence

from the parent’s tube

Acclimation : Acclimate to 18°C by adjusting
temperature at a rate of no more than 3°C
per 24 hours (SOP SY )

Records Maintain test system log sheet
(SOP SY 001)

Feeding None during conduct of test,
8 mg Tetramin per worm every other day
during holding

6.2 Test Substance
Test substances will be supplied by the client or sampled by an employee of Coastal

Resources Associates, Inc.

6.3 General Test Conditions

Temperature 17 t020°C = 3°C
Salinity 34 ppt
Photoperiod None specified

Si : _— - A d:
.1gne N ) pprove c_cwz’ SO 2

usan gjano, orato anager 1homas A. Dean, Ph.D., Laboratory Director
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Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms

Coastal Resources Associates, Inc.
Standard Operating Procedure

SOP No.: TS 018.00

Pg. 4 of 9

Effective Date: 03/23/95

Test chamber

Dilution water source

Number dilutions per sample

Number of controls

Number of replicates
per test dilution

Number of replicates
per control

Volume of dilutions

Number of test systems
per chamber

Renewal of test substances

Renewal of reference
substances

Type of biological
observations

Definition of death
Times of biological
observations

Type of physical/chemical
measurements

1 L beaker, jar, or equivalent disposable
container

Uncontaminated seawater

5 (unless otherwise
specified in protocol)

1 (minimum) consists of a set of replicates
using sediment from the location at which
the organisms were collected and
uncontaminated seawater, additional
controls may be needed for testing other
sediments

20 recommended (10 minimum)
20 recommended (10 minimum)

700 ml/replicate (> 175 ml for sediment)
1

At 48 hours
At 48 hours

Number of animals alive
Opaque white coloration, immobility, and

lack of reaction to gentle prodding

Daily - number dead
At termination - number alive

Temperature, D.O., pH, salinity

Signed!

Susan 1. Kojano, Laboratory ¥hanager

Approved: o/ oo o

‘Thomas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg.5of 9
SOP No.: TS 018.00 Effective Date: 03/23/95
Times of physical/chemical Continuous - room temperature
measurements Daily - Chamber temperature, D.O., pH,
salinity
Dilutions for physical/ One randomly selected replicate per
chemical measurements treatment - Chamber temperature, D.O.,
pH, salinity
Bath only - continuous temperature
Dilutions for test substance Determined by range finding test or by
purpose of the study

6.4 Definitive Test with a Test Substance

Steps for conducting the definitive test are as follows:
- Receive polychaetes (SOP SY 001) and acclimate (SOP SY 011).

- The day before test initiation, add homogenized sediment and seawater to the test
chambers and allow the sediment to settle. Enough sediment must be added to create a
2 cm deep layer on the bottom of each test chamber and overlying water should be

added to the 700 ml mark on the test chambers.

- Cover all test chambers with plastic sheeting to minimize evaporation and reduce the

risk of contamination.

- On test initiation day, prepare dilutions of the test substance and equilibrate dilutions

to appropriate test conditions (SOP SU 014)

- Siphon as much overlying seawater off as possible without disturbing the sediment.

Signed: < Approved: g ;

usan 1. Rojano, orat anager ‘Thomas A. Dean, Ph.D., Laboratory Director
] q g Ty



Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg. 6 of 9

SOP No.: TS 018.00 Effective Date: 03/23/95

- Add the newly prepared dilutions of the test substance to the appropriate test
chambers up to the 700 ml mark. Slowly pour the dilutions down the side of the test

chamber or glass rod to reduce disturbance to the sediment.

- Measure physical /chemical pai'ameters as described in section 6.3 above and record

the results on the water quality data sheet (TS-18-1).

- Add 1 polychaete to each test chamber using a wide bore pipette with a fire polished
tip (SOP SY 002).

- Confirm there is a polychaete in each test chamber. Record the results on the

biological observations data sheet (TS-18-2).

- Approximately twenty-four hours after the start of the test, count the number of dead
polychaetes in each test chamber. Remove any dead organisms from the test containers
using a wide bore pipette with a fire polished tip. Record the results on the biological

observations data sheet (TS-18-2).

- Measure physical/chemical parameters as indicated in section 6.3 above and record

the results on the water quality data sheet (TS-18-1).

- Approximately forty-eight hours after the start of the test, count the number of dead
polychaetes in each test chamber and record the results on the biological observations

data sheet (TS-18-2).

Signed.a\ i z(r\ﬂm,() Approved: Zﬂg P73 :2

Susan T-Rojano, La“boratomManager Thomas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg. 7 of 9

SOP No.: TS 018.00 Effective Date: 03/23/95

- Measure physical/chemical parameters as indicated in section 6.3 above and record

the results on the water quality data sheet (TS-18-1).

- Siphon off 75% of the test water and any dead organisms. Siphon using an airline
with a wide bore pipette with a fire polished tip attached. Use a separate clean tip for

each dilution.

- Add newly prepared dilutions of the test substance to the appropriate test chambers
up to the 700 ml mark. Slowly pour the dilutions down the side of the test chamber or a

glass rod to reduce disturbance to the sediment.

- After renewal, measure physical/chemical parameters as indicated in section 6.3

above and record the results on the water quality data sheet (TS-18-1).

- Count the number of dead polychaetes daily and record on the biological

observations data sheet (TS-18-2).
- Measure physical/chemical parameters as described in section 6.3 daily.
- Terminate the test after 96 hours of exposure.

- Sieve the contents of each test vessel individually through a 0.5 mm screen to remove
the test organisms. Use dilution water with a salinity and temperature within two units

for sieving.

Signegu m/{j éz - , Approved: % /’7@4-\

Susan I. Rojano, Labbrf(t?ry Manager ‘Thomas A. Dean, Ph.D., Laboratory Director
|V



Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg. 8 of 9

SOP No.: TS 018.00 Effective Date: 03/23/95

- Rinse material retained on the screen into a tray for closer examination.

- Count the number of live polychaetes and record the results on the biological

observations data sheet (TS-18-2).
- Dispose of the polychaetes (SOP SY 003) and the test substance (SOP SU 006).
6.5 Recording and analyzing data

- Enter all data onto data sheets according to procedures given in SOP D 001. Enter
these data into computer files (SOP D 002).

- Analyze the test data as described in SOP D 003 using SAS statistical software.
Determine the L.Csp, the NOEC, and the LOEC.

6.6 Test Acceptability
- Total survival in the controls must be 90% or greater.
6.7 Documentation and Reports

- Documents listed in SOP D 005 will be completed. Data sheets specific to this test
procedure are attached. These data and any subsequent analysis of the data will be

archived as indicated in SOP D 006.

- Reports will be prepared as per SOP D 007 and documents archived per SOP D 008.

Signe -7 ¢ Approved: 7
! 0 ey LD
usan 1sKojano, Ta anager ‘1homas A. Dean, Ph.D., Laboratory Director
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Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 96 Hour Acute Sediment Toxicity Test with Polychaete Worms Pg.9 of 9

SOP No.: TS 018.00 Effective Date: 03/23/95

7.0 Personnel
All Coastal Resources Associates, Inc. technical staff trained in specific tasks related to this

test will use this SOP.

Signeg& M/Pm,b Approved: / o/

Susan +Rojano, I_abofrat?rj{ [anager ‘Thomas A. Dean, Ph.D., Laboratory Director
A\




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg.10of9
SOP No.: TS 009.00 Effective Date: 03/23/95
1.0 Scope

This SOP describes general test methods for the 10 day acute test for sediment toxicity with

amphipods. The procedures are modified from ASTM E1367 (1993).

2.0 Application

This test is used as a marine sediment toxicity test for amphipods.

3.0 Health & Safety
Test substances used in the amphipod sediment toxicity test may be toxic and special care
will be taken in handling these toxic substances. Health and safety procedures relevant to

toxicity testing are described in SOP’s H 001 through H 015.

4.0 Definitions
NOEC - No observed effect concentration. The highest concentration of a test or

reference substance that does not cause a statistically significant reduction in survival.

LOEC - Lowest observed effect concentration. The lowest concentration of a test or

reference substance that causes a statistically significant reduction in survival.

LCsq - A statistically or graphically derived estimate of the concentration of a test or

reference substance that is lethal to 50% of the test systems exposed.

Control Substance - Any chemical substance or mixture, or any substance other than the

test substance, feed, or water, that is administered to the test system in the course of the

/N

Signed: -1 < Approved:
usan 0jano, _aboratmy Manager omas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg. 2 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

study for the purpose of establishing a basis for comparison with the test substance for

known chemical or biological measurements.
Dilution Water - The water used to dilute test substances for use in toxicity tests.

Reference Substance- Any chemical substance or mixture or analytical standard other than
the test substance, feed, or water, that is administered to the test system in the course of the
study for the purpose of establishing a basis for comparison with the test substance for

known chemical or biological measurements.
Test Substance - A substance or mixture administered or added to a test system in a study.

Test System - Any organism (animal or plant) to which a test, control, or reference

substance is'administered or added for study.

Start time for the test - The time of addition of the first test system to the test substance,

reference substance, or control.

5.0 Equipment

1 L glass beakers or jars (or equivalent disposable container)
Sieve (0.5 mm mesh)

Plastic sheeting

Thermometer

D.O. meter

pH meter

Refractometer

Cool white fluorescent light

Temperature controlled room

A@-«MM@O———-—

usan F-R0jano, oratorx Manager Thomas A. Dean, Ph.D., Laboratory Director

Signed: /l" b Approved:




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg. 3 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

Continuous temperature monitor

Air pump, air lines, and disposable pipet tip
6.0 Procedures

6.1 Test'System

Species Grandidierella japonica or
Rhepoxynius abronius

Source David Gutoff, San Diego, CA or
Ken Brooks, Port Townsend, WA

Age/Life-stage large immature and adult amphipods,
3 to S mm in length

Acclimation Acclimate to 15°C for Rhepoxynius and
17°C for Grandidierella by adjusting
temperature at a rate of no more than 3°C

per 24 hours (SOP SY )
Identification Source for ID is Environment Canada
' Report EPS 1/RM/26 (December 1992)
Records Maintain test system log sheet
(SOP SY 001)
Feeding None

6.2 Test and Reference Substance
Test substances will be supplied by the client or sampled by an employee of Coastal

Resources Associates, Inc.

Signed: — < Approved:

Susan I7R6 ano, orato(ry %anager Thomas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg. 4 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

6.3 General Test Conditions

Temperature 15°C = 3°C for Rhepoxynius

15 to 19°C = 3°C for Grandidierella
Salinity 28 ppt for Rhepoxynius

30 to 35 ppt for Grandidierella
Photoperiod Continuous throughout the test period

Test chamber

Dilution water source

Number dilutions per sample

Number of controls

1 L beaker or jar, or equivalent
disposable container

Uncontaminated seawater

5 (unless otherwise
specified in protocol)

1 (minimum) consists of a set of replicates
using sediment from the location at which
the organisms were collected and
uncontaminated seawater, additional
controls may be needed for testing other
sediments

Number of replicates 5
per test dilution
Number of replicates 5

per control
Volume of dilutions

Number of test systems
per chamber

Renewal of test substances

Renewal of reference
substances

700 ml/replicate (> 175 ml for sediment)
20

At 48 hour intervals

At 48 hour intervals

Signe -~ - Approved:
9,28, ézaﬁﬁ
usan 0jano, oratory )‘mager Laboratory D1rect01




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg. 50f 9

SOP No.: TS 009.00 Effective Date: 03/23/95

Type of biological Emergence from sediment, number of

observations animals alive, and ability to rebury

Definition of death No movement when a pulse of water is
applied through a disposable pipet to the
test system

Times of biological Daily - emergence

observations At termination - number alive and ability
to rebury

Type of physical/chemical Temperature, D.O., pH, salinity

measurements

Times of physical/chemical

Continuous - room temperature

measurements Daily - Chamber temperature, D.O., pH,
. salinity :
Dilutions for physical/ One randomly selected replicate per

chemical measurements

treatment - Chamber temperature, D.O,,

pH, salinity
Bath only - continuous temperature

Dilutions for test substance Determined by range finding test or by

purpose of the study
6.4 Definitive Test with a Test Substance

Steps for conducting the definitive test are as follows:
- Receive amphipods (SOP SY 001 ) and acclimate (SOP SY 011).

- The day before test initiation, add homogenized sediment and seawater to the test
chambers and allow the sediment to settle. Enough sediment must be added to create a
2 cm deep layer on the bottom of each test chamber and overlying water should be

added to the 700 ml mark on the test chambers.

Si@e%/%,\/f' Edﬂ;ﬁ/btd

Susan ¥Rojano, L'ab'ora(crry Manager

Approved:
Thomas A. D\ean, 3‘5‘3, [ﬁgoratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg. 6 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

- Cover each test chamber with plastic sheeting to minimize evaporation and reduce

the risk of contamination.

- On test initiation day, prepare dilutions of the test substance and equilibrate dilutions

to appropriate test conditions (SOP SU 014).
- Siphon as much overlying seawater off as possible without disturbing the sediment.

- Add the newly prepared dilutions of the test substance to the appropriate test
chambers up to the 700 ml mark. Slowly pour the dilutions down the side of the test

chamber or glass rod to reduce disturbance to the sediment.

- Measure physical/chemical parameters as described in section 6.3 above and record

the results on the water quality data sheet (TS-9-1).

- Add 20 amphipods to each test chamber using a wide bore pipette with a fire polished
tip (SOP SY 002).

- Carefully count as amphipods are added to confirm there are 20 in each test chamber.

Record the results on the biological observations data sheet (TS-9-2).

- Approximately twenty-four hours after the start of the test, count the number of
amphipods afloat in each test chamber. Record the results on the biological

observations data sheet (TS-9-2).

Signed% A{Qﬂ/\//l- ‘E . Approved: % é

Susan T ~Kojano, Laboratonej Manager Thomas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg. 7 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

- Measure physical/chemical parameters as indicated in section 6.3 above and record

the results on the water quality data sheet (TS-9-1).

- Appr&ximately forty-eight hours after the start of the test, count the number of
amphipods afloat in each test chamber and record the results on the biological

observations data sheet (TS-9-2).

- Measure physical/chemical parameters as indicated in section 6.3 above and record

the results on the water quality data sheet (TS-9-1).

- Siphon off 75% of the test water and any floating organisms. Siphon using an airline
with a wide bore pipette with a fire polished tip attached. Use a separate clean tip for

each dih_ltion.

- Add newly prepared dilutions of the test substance to the appropriate test chambers
up to the 700 ml mark. Slowly pour the dilutions down the side of the test chamber or a

glass rod to reduce disturbance to the sediment.

- After renewal, measure physical/chemical parameters as indicated in section 6.3

above and record the results on the water quality data sheet (TS-9-1).

- Count the number of amphipods afloat daily and record on the biological

observations data sheet (TS-9-2).

Signe KQM?MD Approved: kc/ﬁ': Yz, Q

Susan T, Rojano, Laboratqf;‘ Manager Thomas A. Dean, Ph.D., Laboratory Director




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg.8 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

- Measure physical/chemical parameters as described in section 6.3 daily. On renewal

days measure the parameters before and after renewal.
- Renew the overlying water as described above at 48 hour intervals.
- Terminate the test after 10 days of exposure.

- Sieve the contents of each test vessel individually through a 0.5 mm screen to remove
the test organisms. Use dilution water with a salinity and temperature within two units

for sieving.
- Rinse material retained on the screen into a tray for closer examination.

- Count the number of live amphipods and record the results on the biological

observations data sheet (TS-9-2).

- Place surviving amphipods from each dilution in a separate container with a2 2 cm

layer of control sediment.

- After 1 hour, count the number of surviving amphipods unable to rebury. Record the

results on the biological observations data sheet (TS-9-2).

- Dispose of the amphipods (SOP SY 003) and the test substance (SOP SU 006).

Signed%M - Approved:
[ Pogus i/

Susan T~Rojano, [aborato[y)Manager mas A. Dean, Ph.D., Laboratory Directos




Coastal Resources Associates, Inc.
Standard Operating Procedure

Subject: 10 Day Amphipod Bioassay for Marine Sediment Toxicity Pg.9 of 9

SOP No.: TS 009.00 Effective Date: 03/23/95

6.5 Recording and analyzing data

- Enter all data onto data sheets according to procedures given in SOP D 001. Enter
these data into computer files (SOP D 002).

- Analyze the test data as described in SOP D 003 using SAS statistical software.
Determine the LCsg, the NOEC, and the LOEC.

6.6 Test Acceptability

- Total survival-in the controls must be 90% or greater.

- Each individual control replicate must have at least 80% survival.
6.7 Documentation and Reports

- Documents listed in SOP D 005 will be completed. Data sheets specific to this test
procedure are attached. These data and any subsequent analysis of the data will be

archived as indicated in SOP D 006.
- Reports will be prepared as per SOP D 007 and documents archived per SOP D 008.

7.0 Personnel

All Coastal Resources Associates, Inc. technical staff trained in specific tasks related to this

test will use this SOP.
Signeds —7 - Approved:
usan I-Kojano, oratory gager Thomas A. Dean, Ph.D., Laboratory Director
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Effects of paper pulp wastes on the feeding of copepods

Hae Jin Jeong

Marine Life Research Group 0218, Scripps Institution of
Oceanography, University of California San Diego, La Jolla,

California 92093-0218



Introduction

The amount and types of anthropogenic products introduced
into marine environments have continuously increased. Usually,
when these products are introduced into estuaries and semi-
enclosed embayments where water circulation is restricted, food
webs in these ecosystems can be significantly affected by these
producés. However, this may not occur in open oceans because of

their large water volume and active circulation.

It is planned to dump naval pulp wastes (pulverized paper
products) into offshore waters, and it must be determined
whether these wastes may affect the ecology of some major
components of marine organisms. Copepods are one of the dominant
macrozooplankton in most marine environments and play important
roles in food webs as major consumers of phytoplankton and
microzboplankton, an important food source for diverse
carnivores, and as nutrient regenerators. Therefore, changes in
their abundances or feeding rates can significantly affect the

abundances of their prey and/or predators.

Pulp wastes themselves, and/or leached chemicals, may
significantly reduce ingestion rates of copepods on suitable
prey by clogging the predators' feeding apparatus or by
poisoning them (Hgl and Hg3 below). If copepods can survive in
dense pulp wastes and then recover their feeding rates on

suitable prey after pulp waste has sunk or been dispersed, the



wastes will not significantly affect the ecology of copepods

(Hp2) .

To investigate these topics, the following hypotheses will

be tested:

Hpol: The ingestion rate of phytoplankton by copepods is

independent of the presence of slurry of Pulp wastes.

Hp2: There is no effect on ingestion rates in slurry-free

water of previous exposure to slurry.

Hp3: there is no difference in ingestion rates in slurry-
free sea water in which slurry had been soaked for 24
hour and then removed by filtration, relative to sea

water never contacting slurry.

MATERIALS AND METHODS

Preparation of experimental organisms and conditions

The dinoflagellates Gyvmnodinium sanguineum and Gonvaulax

polvedra and common copepods Acartia spp. and Calanus pacificus

were chosen for these experiments. G. sanguineum and G. polvedra

are common red-tide dinoflagellates and known as prey for

Acartia spp. and C. pacificus. They were grown in enriched £/4

seawater media (Guillard & Ryther 1962) without silicate, at

room temperature (20-23°C) with continuous illumination of 100



LE m2s-1 of cool white fluorescent lights. Cultures in

exponential growth phase were used for feeding experiments.

2dult female C. pacificus were collected from the coastal

waters off La Jolla Bay, CA using a 303 um mesh net, and adult
female Acartia spp. from the waters of Misson Bay, CA using a 54
um mesh net. Copepods were maintained at 15 °C room in 1 gallon

jars with G. sangquineum or G. polvedra in filtered sea water for

at least two days before experiments.

Experimental designs

The initial densities of the predator and prey, and slurry

are given in Table 1. Experiments 1 and 2 was designed to test

Hpl (ingestion rate of C. pacificus or Acartia spp. is

independent of the presence of slurry) stated previously.

Experiment 3 was designed to test Hpl and Hp2 (no difference in
ingestion rates between copepods previously incubated with and
without slurry). Experiment 4 was designed to test Hp3 (there is
no difference in ingestion rates in slurry-free sea water in
which slurry had been socaked for 24 hour and then removed by

filtration, relative to sea water never contacting slurry).

To set up an experiment, three 1 ml aliguots from a G.

sanguineum or G. polvedra culture were counted teo determine

density. The concentrations of G. sanguineum or G. polvedra were

obtained by volume dilution with an autopipette. The wet weight
of slurry was measured on a microbalance, and each concentration

(ratio of wet weight of slurry to weight of sea water) of slurry



was obtained by adding a known weight of slurry into
Polycarbonate (PC) bottles. Slurry inside bottles was not
homogeneously distributed, even though bottles were rotated.

Such an aggregation of slurry may be also true in nature.

Copepods maintained in a 15 °C room were rinsed with

filtered sea water in a Petri-dish, and 5 healthy female Calanus
(in experiments 1, 3, and 4) or 8 female Acartia spp. (in
experiment 2) were transferred into each 500 or 270 ml PC

bottle, respectively. Duplicate experiment bottles were set up,

as were duplicate control bottles containing only G. sanguineum

or G. polvedra and slurry at all slurry concentrations. Actual

initial concentrations of G. sanguineum or G. polvedra were

measured 1n one extra control bottle by counting and removing
more than 200 individual cells with a Pasteur micropipette.
Experimental and control bottles were placed on rotating wheels
at 0.9 RPM under dim light at 15°C for 16 - 20 h. After
incubation, 2 ml aliquots from each bottle were transferred into

multiwell chambers for counting G. sandguineum or G. polvedra

cells (after serial dilution where necessary), and C. pacificus

or Acartia spp. were sieved onto a 101 pm net and counted.

Ingestion rates (prey ingested copepod-! hour-l) of copepod on

G. sanguineum or G. polvedra were calculated, using the
eguations of Frost (1972), from final concentrations of prey in

bottles with and without Calanus or Acartia.

The slurry concentration of 0.6 % was used in experiment 3

because this concentration caused a large reduction in feeding



in experiment 1. Two different predator-prey combinations were

initially set up in duplicate: (1) 5 female C. pacificus (10 C.

pacificus 1°1) and G. sanguineum (2) 5 female C. pacificus, G.

sanguineum, and slurry. Duplicate control bottles were similarly
set up without copepods. Bottles were incubated for 24 h as
described above (in Table 1, t=0). After counting cells, all C.

pacificus were sieved onto a 101 um net, counted, and

transferred into new bottles containing only new G. sanguineum

cells without slurry (in Table 1, t=24h). New duplicate control

bottles containing only G. sanguineum were set up. Bottles were
incubated again for 24 h as described above, and cells and

Calanus wexre counted.

In experiment 4, 0.6% slurry in filtered sea water was
placed in a 15°C room. Twenty-four hours later, the slurry was

screened out onto a GF/C millipore filtexr, and the filtrate sea

water Was transferred into four PC bottles. G. sanguineum was

added to all four, and 5 female C. pacificus to two of these.

Controls were similarly set up using sea water which had not
been exposed to slurry. Bottles were incubated for 24 h as

described above, and cells and Calanus were counted.

Test of hypotheses

In experiments 1 and 2, the initial concentration of G.

sanguineum or G. polvedra was fixed, while that of slurry

varied (Table 1). An Analysis of Variance (ANOVA, Zar 1984) was

used to test whether ingestion rates of G. sanguineum or G.




polvedra by C. pacificus or Acartia spp., respectively, at one

slurry concentration were significantly different from those at

other slurry concentrations (Hgl).

Hp2 can be rejected if ingestion rates of C. pacificus

previously incubated with slurry are significantly different (by
two-tailed, two-sample t test) from those never exposed to

slurry -

Ho3 can be rejected if ingestion rates in sea water in
which slurry had been scaked for 24 hour and then removed by
filtration are significantly different (by two-tailed, two-

gample t test) from those in sea water never contacting slurry.

RESULTS

Test of Hol (ingestion rate of phytoplankton by copepods 1is

independent of the presence of slurry)

With increasing slurry concentration, the ingestion rates

of Gymnodiniuim sanguineum by Calanus pacificus exponentially

decreased from 205 to 12 prey Calanus ! h-! (Fig. 1).

Ingestion rates of G. sanguineum by C. pacificus were

significantly reduced by slurry (ANOVA, p < 0.005; Zar 1984).

Therefore, HQl can be rejected when G. sanguineum and C.

pacificus were prey and predator. Ingestion rates at slurry

concentrations of 0.05 and 0.1% were not significantly different



from that without added slurry (p > 0.05), but they were

significantly depressed at slurry concentrations > 0.3% (p <

0.05).

With increasing slurry concentration, the ingestion rates

of Gonvaulax polvedra by Acartia spp. also decreased from 22 to

5 prey Acartia-! h-1 (Fig. 2).

Ingestion rates of G. polyvedra by Acartia spp. were

significantly reduced by slurry (ANCVA, p < 0.05). Therefore,

Hpl can also be rejected when G. polvedra and Acartia spp. were

prey and predator. The ingestion rate at a slurry concentration
of 0.1% was not significantly different from that without added
slurry (p > 0.05), but was significantly depressed at 0.6% (p <

0.05).

Test of Hp2 (no effect on ingestion rates in slurry-free water

of.pre&ious exposure to slurry)

In experiment 3, after first day incubation, the ingestion

rate of Calanus on Gymnodinium sanguineum incubated with the

slurry concentration of 0.6% was significantly different from
that without slurry (Fig. 3, two tailed-t test, p < 0.05),
similar to the result in experiment 1. However, the ingestion
rate of the Calanus, originally incubated with 0.6% slurry for
24 hour and then transferred into new bottles containing G.

sanguineum without slurry, was not significantly different from

that of the Calanus, continuously incubated without slurry.



Therefore, Hp2 cannot be rejected. The results show that Calanus

recovers its feeding rate when slurry disappears.

Test of HQ3 (there is no difference in ingestion rates in
slurry-free sea water in which slurry had been socaked for 24

hour and then removed by filtration, relative to sea water never

contacting slurry)

The ingestion rate of Calanus in slurry-free sea water in
which slurry had been soaked for 24 hour and then removed by
filtration was not significantly different from that in sea

water never contacting slurry (p > 0.05, grey bars in Fig. 3).

Discussion

The presence of slurry significantly significantly reduced

the ingestion rates of Calanus pacificus on G. sanguineum at the

slurry concentrations > 0.3%. However, Calanus, originally
exposed to 0.6 % slurry for 24 hour, can recover its feeding
rates when slurry disappears (Fig. 3). Therefore, if slurry is
diluted quickly due to water movement after being dumped at 0.6%
concentration, its presence may not affect the abundance of
Calanus. The presence of slurry also significantly reduced the
ingestion rates of Acartia spp. on Gonvaulax polvedra, however,
the magnitude of the reduction of ingestion rates by Acartia
spp. (4 times) was smaller than that by Calanus (17 times). The

habitat of Acartia spp. (i.e. estuaries or coastal waters) is in



habitat of Acartia spp. (i.e. estuaries or coastal waters) 1is in
general more turbid and polluted than that of Calanus (i.e.
offshore). The adaptation of Acartia spp. to turbid environments
may be partially responsible for its greator tolerance of

slurry.

Chemicals leached from slurry did not affect the feeding
rate of Calanus (Fig. 3). Mechanical interferences of slurry on
the feeding and/or swimming behavior of copepods may be mainly

responsible for the reduction of the ingestion rates.
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Table 1. Design of experiments.

Experiment timel Slurry (%)2 Prey3 Predator?
No. (cells. ml-1) {inds. 1-1)
1 t=0 0, 0.05, 0.1, 123 10*
0.3, 0.6
2 t=0 6, 0.1, 0.6 130 30
3 £=0 0, 0.6 183 10
t=24h 0, O 117 10
4 £=0 0, 0° 117 10

1: time exposed to 0.6% slurry before measurement of ingestion

2: ratio of wet weight of slurry to that of filtered sea water

3 and 4: The initial densities of prey and predator (Gymnodinium

sanguineum and Calanus pacificus in experiments 1,

3,

Gonyvaulax polyedra and Acartia spp. in experiment 2)

5: water in which slurry had been soaked for 24 hours

*: Incubation bottle size (500 ml in experiments 1,

and 270 ml in experiment 2)

3,

and 4,

and 4,

and



FIGURE CAPTIONS

Fig. 1. Ingestion rates of Gvmnodinium sanguineum by Calanus
pacificus as a function of the slurry concentration. Symbols
represent treatment means + 1 S.E. Relations are fitted by the
curve linear regression. IR (prey eaten Calanus 1 h-1) = 183 x

e(-5.42 x 5C) (R2 = (0.831); where SC = slurry concentration.

Fig. 2. Ingestion rates of Gonvaulx peolvedra by Acartia spp. as

a function of the slurry concentration. Symbols represent

treatment means + 1 S.E.

Fig. 3. Ingestion rates of Gvmnodinium sanguineum by Calanus

pacificus. Symbols represent treatment means + 1 S.E. Black bars
- Incubated without slurry in both Day 1 (t=0 in Table 1) and 2

(the initial G. sanguineum concentrations in Day 1 and 2 were

183 and 117 cells ml-!, respectively). Open bars - with 0.6%
slurry (wet weight:wet weight) in Day 1 and without slurry in
Day 2. Gray bar - in slurry-free sea water in which slurry had

been socaked for 24 hour and then removed by filtration.
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APPENDIX F

FISH INTERACTION REPORT

Source: Fish Interaction Studies.

San Diego, California
National Marine Fisheries Service, 1995



Effects of Dispersed Paper Effluent on the Filter-Feeding Capacity of
Pacific sardine, Sardinops sagax : a preliminary study.

Russ Vetter
Genetics and Physiology Group
Southwest Fisheries Science Center
National Oceanic and Atmospheric Administration

. Background

Small, pelagic, clupeoid fishes (sardine, anchovy, herring, menhaden) are an
important link in most coastal pelagic ecosystems. These organisms harvest the
carbon found in phytoplankton and zooplankton and convert it to a large standing
stock of small migratory, schooling fishes. In turn, these species are the forage base
for larger predacious fishes (e.g. tuna, salmon, rockfish), seabird populations
(pelicans, gulls, terns), and marine mammals (dolphin, seal, sea lion). On a weight
basis, clupeoid fisheries are the most important fisheries world-wide. Off the west
coast of North America northern anchovy, Engraulis mordax and Pacific sardine,
Sardinops-sagax , vary in abundance during different climate regimes but together
represent the major stocks of clupeoid fishes. Presently the sardine biomass is
estimated to be about 340,000 metric fons.

Fish such as Pacific sardine can reach such high biomass because they feed
lower on the food chain than larger predacious fishes. They typically subsist on a diet
of phytoplankton and zooplankton. Sardine can feed by two different methods. If the
prey organisms are large enough, sardine will strike at and ingest individual particles.
if the organisms are smaller but abundant, they will filter-feed. They use cartilaginous
extensions on their gill rakers to filter water as it passes through the gills, and collect
the organism trapped on the gill rakers. The size of the particles trapped depends on
the size of the seive created by the gill rakers. This varies with species, and the size of
the individual fish (Blaxter and Hunter 1982). Compared to invertebrate filter-feeders
(clams, oysters, mussels), little is known about the filtration process in clupeoid fishes.



We have been asked to design experiments to test for possible effects of finely
dispersed paper fibers. These fibers will potentially be released from Naval ships as
a method of routine disposal of paper waste generated at sea. We have begun by
examining the potential for different concentrations of these fibers to interfere with
normal filter-feeding in Pacific sardine,Sardinops sagax.

II. Experimental Design

To test for possible effects on filter-feeding we devised a series of experiments
where groups of sardine were exposed to small prey (Artemia nauplii) that stimulate
filter-feeding. We then monitored the disappearance of prey in four tanks containing
schools of equal sized sardine. The four tanks were a control tank receiving prey
only, and three tanks receiving prey plus three different concentrations of paper
effluent. The experiment ran 14 days. Fish were exposed to the effluent every other
day. We measured the rate of disappearance of prey, weight gain or loss, and
presence of paper in the stomach and intestines of the fish.

The paper concentrations tested in this initial experiment were 30,15 and 3 mg
dry wt of paper /l of seawater. These concentrations were chosen as a reasonable
range to bracket expected concentrations from the point of reiease from the shi, down
to the expected concentration where dilution driven by the turbulence of the ship’s
wake would dissipate. Beyond that point, the rate of further dilution is dependent on
ambient oceanographic conditions (these lower dilutions will be tested in the next
series of experiments).

To determine the rate of prey disappearance we needed to maintain the tanks
in a closed, recirculating mode. A feeding trial was done over an 8 hour period. Prey
or prey plus effluent was added and samples taken throughout the 8 hour period to
monitor the disappearance of prey under the various conditions. In the present
experiment the two upper concentrations appeared to cause respiratory distress and it
appeared that the fish would not survive two weeks if exposed to the paper effluent
every day. We elected to subject the fish to the effluent every other day but to feed
them every day. When the fish were not being tested or fed (the remaining 16 h each



day), the tanks were maintained in a flow-through mode.
We generated 8 feeding trials for the 14 day period. At the end we measured
and weighed the fish, recorded growth information, and examined the condition of the

gills and the digestive system.
lll. Methods and Materials

1. Collection, Maintenance, and Measurement of Sardine

Sardines were transported from a San Diego bait dealer in February of 1995 to
the laboratory and held in circular, vinyl-lined tanks measuring 5 m in diameter with
0.7 m of water. Sardine were maintained on a diet of Oregon Moist pellets.

Using an electrical top-loading balance and a standard measuring board, 240
Pacific sardines (Sardinops sagax) were weighed (wet wt.) and measured (SL,FL,TL).
To minimize bias,we alternated tanks for each addition of ten fish. In other words, ten
fish went into tank 1A, ten fish into 2A, etc., until all four tanks contained 60 fish. Fish

were anesthetized in MS-222 using 30 mg/liter.
At the end of the last 8 hour exposure period, fish were anaesthetized and

frozen to retain stomach contents. Fish were weighed whole while frozen. Later
groups of 20 of each group were thawed and the gastro-intestinal tracts weighed,
dissected, examined for stomach contents, and preserved. The relative amount of
paper in the stomach and intestine was noted. Whenever a sardine was found dead in
a tank, it was promptly removed, weighed and measured. Fish were then frozen for
future examination.

2. Preparation, Addition, and Calculation of Artemia Concentrations

Anchovies consume 1.7% to 5.1% of their body wt. per day {Leong and O’Connell,
1969). We assumed the same approximate metabolic demand for sardine. A 12 cm



sardine filters 270 liters per day (Yoneda na d Yoshida, 1955). These basic
measurements were used to calculate the number of Artemia nauplii needed to

sustain a16 gm sardine stocked at a density of 60 sardine per tank. Fish were fed
daily with 24-48 hour old Artemia nauplii at a rate of 1.7% body weight . We presented
the fish with the minimum (233 nauplii/l) needed to maintain weight. The calculation is
presented in Table 1. The nauplii were added to tanks at 0800 on all days.

3. Preparation, Addition, and Calculation of Paper Concentrations

To determine the paper effluent dosage protocol we first determined a dry wt to
wet wt conversion. The results of this determination for the first shipment of paper
(which was used for all experiments described here) is presented in Table 2a. Based
on a dry to wet conversion of 6.55, 24 hours prior to each sampling day the frozen
paper waste was weighed, thawed and sea-water was added to make a 12-liter
mixture. A mechanical stirrer was used periodically throughout the day to help "fluff-up”
paper.

Paper was added to each tank (except 4A) and allowed to mix for 10-15
minutes before adding artemia at time 0. The calculations for the different paper
concentrations are presented in Table 2b.

Tank 1A - 30 mg dry wi. /liter
Tank 2A - 15 mg dry wi. /liter

Tank 3A - 03 mg dry wt. liter

The tanks were monitored to determine if the paper effluent remained suspended
throughout the exposure period (Fig. 2 a-h, bottom panels).

4. Exposure Tanks

Four identical fiberglass tanks, 2 m in diameter, were plumbed to a depth of
0.64 m each, creating a water volume per tank of 1700 liters. Tank bottoms sloped



slightly to a center outlet covered with a PVC "cap" perforated with holes for draining.
Drain leads to a standpipe adjacent to tank such that the height of the standpipe
determines the water level in tank (Figure 1). All four tanks were rigged with the same
materials in order to be as identical as possible. In-line water filters used were 5-
micron Cuno filters, changed every other morning.

When fish were not being exposed to paper or food (16h each day), the tanks
were kept on a flow-through regime of fresh, ambient seawater. Flow rates were four
liters/minute.

When fish were being exposed to paper and/or food the tanks were kept in a
closed but recirculating mode. Submersible pumps (1/30 HP, epoxy-coated, 500 gph)
were used on the tank bottom to assist in keeping paper waste suspended in water
column (Fig. 1). In addition air lift in the center of the tank lifted material from the
bottom of the tank and resuspended it at the top (Fig. 1). The airlift also provided full
oxygen saturation to the tanks. In either closed or open mode the tank temperatures
remained between 15.2 and 17.3 degrees C throughout experiment.

At the end of each sampling day, tanks were drained down to approximately 3
inches in depth to assure a clean tank before beginning the next sample. At the
beginning of each sampling day, with the tanks clean and re-filled, the incoming water
was shut off, the submersible pumps turned on, and an air-line with airstone was put
inside the standing drain-pipe to lift and circulate any paper waste tending to
accumulate on tank bottom. By using pumps and airstones we were able to keep the
paper waste suspended and evenly distributed throughout the tanks.

5. Sampling

Using a 250 m| plastic beaker, four 2560 ml samples were collected from 4
places in each tank (total sample = 1000 ml). in each quadrant of each tank and
midway between the center point and the inside wall, an inverted 250 ml beaker was
lowered to approximately three inches below the surface. The beaker was then turned
upright and removed. The four 250 ml samples were poured into a 1000 ml plastic

graduated cylinder labelled specifically for that tank.



Samples were taken at six time points during the 8-hour duration of each
experiment. Time points were 1,2,3,4,6 and 8 h from the start. A subjective
assessment of feeding behavior was recorded at time of each sample.

6. Filtering and Counting Samples

Prior to beginning an experiment, filter papers were dried, weighed and given
an i.d. number before being placed in a desiccator. After collecting a 1000 mi sample
from each of four tanks, a labelled and pre-weighed filter was placed in a clean
Buchner funnel in vacuum filtering manifold. Upon prewetting filter using seawater
from rinse bottle, sample was slowly poured into funnel, keeping an inch or two of
sample water in funnel at all times to help distribute the sample evenly. After sample
has been completely filtered, vacuum pump was turned off and the filter paper
carefully removed. The filter paper was then placed in a petri dish under a dissecting
microscope and the number of nauplii counted and recorded.

Once counted, the filters were then placed on a clean container and placed in a
drying oven at 60 oC. Upon having dried for a minimum of 72 hours, the filters were
removed from the oven, placed in a desiccator to cool, and weighed again. By
subtracting the initial filter paper weight from the final filter paper weight gave us the
weight of paper waste plus brine shrimp contained in our 1000 mi sample.

IV. Results
1. Behavior and Appearance

There is an obvious difference in the way the gills are flared during normal
breathing and when filter-feeding. We used three subjective criteria to assess visual
signs of filkering behavior: 1. actively filtering, 2. passively filtering (occasional
gulping) and 3. little or no feeding activity. At the two highest paper concentrations the
filtering activity was a 1 when the food was first introduced in the first hour but dropped
to a two in the second hour and then 3 for the remainder of the 8 hours even though



abundant prey was available. In the control tank feeding was always active (1) until
the prey were gone. At the two highest paper concentrations fish did not maintain tight
schooling behavior. Occasionally an individual would display lethargic or disoriented
swimming behavior. .

At all three paper concentrations there were fish with lumpy abdomens. At the
end of experiment when fish with this outward appearance were dissected there were
lumps of accumulated paper in the intestine that corresponded to the protrusions on
the skin.

2. Feeding

The results from the eight feeding trials are presented in Fig. 2. All three paper
concentrations had a readily observable negative effect on the ability of Pacific sardine
to filter-feed on Artemia nauplii. There was a dose-dependent effect on filtering
success with the highest concentration (30mg dw/l) almost completely inhibiting
successful feeding on Artemia nauplii.

All treatments ingested the paper along with the prey, Fig. 3. The highest
ingestion rate was in the group receiving the lowest levels of paper (3 mg dry wt/l).

3. Growth and Mortality

All groups lost weight during the experiment . The average initial wts for the 4
groups were 16.19,16.32,16.10,and 16.12g. At the conclusion of the experiment the
average wis were respectively 14.0,14.4,14.3, and 13.9 g. There were no significant

differences between the four groups.
There were significant differences in mortality. All three treatment groups had
higher mortality rates than did the control, (Fig. 4).

V. Discussion and Preliminary Conclusions

At the three concentrations tested in these preliminary experiments. The paper



effluent had a strong effect on the filter-feeding of Pacific sardine. The effects at the
two highest concentrations were not unexpected and represent a worst case scenario
not likely to be encountered at sea except in the immediate area around a ship. The
effects noted at the lowest concentration (3 mg/l) may be of greater concern if they
represent potential environmental concentrations.

The greater concentration of paper in the stomachs of fish exposed to the lowest
concentration is due to the behavior of the fish under the different treatments. At the
two highest concentrations the fish are visibly stressed by the concentration and spent
less time filter feeding. Thus they received less food and also less paper. At the
lowest concentration the fish were measurably affected, but they did eventually
remove all of the prey ( Fig. 2). However, they consumed large amounts of the paper
along with the prey. The harmful, or even beneficial, effects of consuming the paper
fibers is not know, but the protrusions of the gut in fishes with paper plugs in their
intestines is an alarming result. We found no evidence for digestion of the paper
fibers. Fecal pellets that looked exactly like undigested but condensed pellets of
paper were commonly observed at the bottoms of the three exposed tanks.

Differences in mortality were observed (Fig. 4), but the causes of mortality are
not known. Fish from the three paper treatments were not significantly lighter, and
starvation is not considered a likely cause of the mortality. All fish received a full
ration in the absence of paper on alternate days and there was no differences in total
weight. Even if we can account for some of this weight as paper in the gut, the weight
differences between groups were not significant.

Our following experiments will attempt to: 1. find the no-effect level, 2.
investigate differences in weight loss in longer term experiments, 3. gain biochemical
and microscopical insights into the causes of the observed mortality.
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V1. Figure Legends

Fig. 1 This is a the basic configuration of tanks showing the water filtration, air lifts, etc.

Fig. 2 This is the basic data for the 8 days of feeding trials (the first day and every other
day thereafter). Squares are 30 mg/l, circles are 20mg/l, triangles are 3 mg/l and
diamonds are the control. Feeding rates are plotied two ways, the second nauplii/fish
corrects for mortality during the experimental period. The paper conc traces are best
used to verify that there were no long term changes in concentration throughout the 8h
of the experiment. This is a measure of how well the air lift and pumps kept the paper
effluent resuspended and evenly distributed.

Fig. 3. This is a chart of the stomach weights for the four treatments. All treatments
contained paper in the stomach, but the highest concentrations were in the low (3
mg/l) treatment.

Fig. 4. All four tanks began with 60 fish. Mortality was lowest in the control. There
were no differences between the three paper treatments.
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stomach weight (gm)

Fig. 3 Stomach weights for the four treatments
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Fig. 4 Percent mortality at the end of 14 days
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Table 1.

Calculations used to estimate Artemia pauplii needed to maintain wt {minimum ration)

Anchovies consums 1.7% to 5.1% of their body wt. per day

{Leong and O'Connell, 1969)

Volume of seawater filtered per (24 hr.?)day

by 12 cm sardine = 270 liters (Yoneda and

Yoshida, 1955) (135 /12 hrs.)

Utah Brand Artemia_cysts/gm =

240000

Volume filtered

per fish

Dry wi. of singie nauplius(gm) =

1_gm/2406000

in 8 hr. day(l)

Dry wt. of single nauplius(gm) =

4.1667E-06 |

90

I(Note: wt, of cyst included; nauplius should weigh less)

Wet wt. of single nauplius(gm) =

4.17E-05

(assuming 80% water)

Min. wet wt. of nauplii needed per day = fis

h wt. x 0.017

No. fish

per tank

Max. wet wt. of nauplii heeded per day

= fish wt. x 0.051

60

Mean

Fish Wt.{(gm)

No. tenks

Vol. of each tank(l)

Vol. of four tanks(l)

16.18

4

1700

6800

Min. food require

ment

Max. food require

ment

Fraction of

body wt. consumed

0.017

to

0.051

per_day

Grams food req.

por day

0.27506

to

0.82518

per fish

Number of nau

req. to provide

6596

1o

19788

min. daily req.

for 1 fish

738

to

22¢

Density per |

for 90 |

Number of

nauplii_per

124584

to

373783

tank

gms. Utah

0.52

to

1.56

cysts needed|

Number of fish

tank will sup,

ort

19

19

at C42 & E42

densities

Factor to

accommodale

all fish/tank

Density / 1

to feed all

233

to

698

nauplii per liter

fish_in tank

395,770

to

4,749,237

nauplii per tank

Total

Note:

400K naupli per tank shid be

gms. Utah

sufficient to provide a 16.18 gm

cysts needed

to

4.85

fish with 1 7% of s body wt of

to feed one

food per day, assuming tt filters

lank

90| of water in an 8 hr feeding day

Total

Note:

Recommend cuituring 10-15 gms

gms. Utah

decapsulated cysts to ensure

6.60

19.79

that 400K x 4 = 16 x 10-6 nauplt

cysts ded

to feed four

will be available, This amount may

tanks

be adjusted as hecessary
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National Oceznic and Abnospheric Administration
Southwest Fisheries Science Center
8604 La Jolla Shores Drive

La Jolla, CA 92093

FAX (619) 546-5656

Info {619) 546-7000 |

|
Date: 7-/%~ ¢¢
NMumber of Piagﬁs: re
Addresses: Scares Cundd
Addressee's iFAP(: ST L2108
Qriginator: | | Russ Velter
Originator's Phone:  618-546-7125

i
[

Comments: | |
-Stacy, here are the resuits from the low -level experiment. 1t is pretty much
the same experimerntal design as before except with higher initial artemia
levels. Onty ﬁxe:highsst concentration (1.0 mg/l) showed an effect. This does
not surprise me since 0.1 mg and .01 mg/ are very low concentrations for
some thing e paper. The time scale is different than for the first experiment
but the resu!tjs. fc}r the 1 mg treatment do suggest that the previous resulis for
the lowest concentration in expt 1 (3.0 mg/l} are real. Let me know what you

think. i Regards /

{
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Lower Threshold Filtration Experiments.
|
1. Experimentat Design

1. # of fish : 60 per treatment

2. regiments
1. control |
Z1.0mglddrywt , |
3. 0.1 mgAl P
4.0.01 mgh P

all treatments received a fcod ration of 863 nauplii per liter.
S
.] 1
3. exposure conditan§ ;
Fish were exposed toithe different conditions begining at 9:00 in the moming and were sampled
gvery 15 minutes; wriwo hours until food was gone from all treatments. Fish were exposed
gvery day for 14 days Filtering efficiency was measured avery other day

/i. Resuits
1. no morntajity undbr any treatment condition
2. a measurable sdbiethal efiect on filkering efficiency at 1 mgA, no effect at .1 and .01mgd
3. There were no 1asung effects on filtering efficiency. Fish wars tested for two additional days
and all groups weks 'ika the controls,
L
H. Conclusion ¢ |
P
The no-effect level for this experiment was between 1 and 0.1 mg/!
b
! i
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Recovery Trials: After 14 Days A Groups
Tested With Artemia Only.
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APPENDIX G

SHIPBOARD METAL WASTE DISCHARGE CORROSION REPORT

Source:

Shipboard Solid Waste Discharge Corrosion Study.
San Diego, California

Naval Command, Control & Ocean Surveillance
Center, RDTE Division,

Code 522, 1995



5216
Ser 815/7
21 Jun 95

MEMORANDUM

From: W.E. Glad, Code 02T
To:  S.L. Curtis, Code 522 ,
Via: Head, Materials Science Branch, Code 815 2.4~

Subj: SHIPBOARD SOLID WASTE DISCHARGE CORROSION STUDY
Encl: (1) Solid Waste Discharge Corrosion Study of 21 Jun 95

1. Enclosure (1) is a report on the characterization and corrosion rates of metal food preparation
waste that is commonly discharged into the ocean by navy ships. This report was prepared by the
Code 815 materials laboratory at the request of Code 522. The investigators who took part in
this study were Gordon Chase (Code 02T), Wayne Glad (Code 02T) and Tom Knoebel (Code
815).

2. Enclosure (1) contains the results of laboratory characterization of waste materials that were
supplied by Code 522 and a summary of the literature concerning the corrosion rates of these
materials. The waste consisted of tin plated steel food cans and lids and standard aluminum
beverage cans. The lifetimes of this waste in the ocean environment were estimated from the
materials properties (composition, coatings, dimensions) that were measured in the laboratory and
the corrosion rates that were found in the literature.

e S
W.E. GLAD



21 JUN 95

| SHIPBOARD SOLID WASTE DISCHARGE
CORROSION STUDY

Enclosure (1)



Solid Waste Discharge Corrosion Study

Introduction and background

The purpose of this study is to quantitatively assess the impact on the marine environment of metal
food preparation waste that is thrown over the side of Navy ships . This metal waste is rinsed, shredded,
packed in burlap sacks, and thrown overboard. Since this waste will corrode and release its constituent
elements to the environment it is important to know the composition of the waste and the rate which with
these materials corrode. This will also give information about the lifetime of the waste on the ocean floor.
Because conditions in the marine environment may differ from location to location, it is also important to
know how the corrosion rates depend on these varying conditions.

Corrosion in Sea Water
Types of Corrosion

Fontana! describes eight types of related but somewhat different types of corrosion. Four of these
types are important for this study. Uniform attack occurs as direct oxidation over a wide area of metallic
surface. Uniform attack allows for corrosion at rates that can be measured relatively reliably. The
corrosion rate (expressed as mass of metal oxidized per unit time) is proportional to the surface area of the
corroding metal. To a large extent, mild steel undergoes uniform attack when it is immersed in sea water.
Pitting is a kind of localized attack that often occurs on metals, such as aluminum, that naturally resist
corrosion due to the formation of passive oxide films. While the eventual rate of corrosion in a pit is
determined by the rate of reduction of oxygen (usually at a surface away from the pit), a pit requires some
kind of initiation process to start the pit formation. Thus the overall rate of corrosion on a pit forming
metal like aluminum may depend on factors other than the dissolved oxygen concentration. Pitting is
assisted by the presence of chloride ion, so salinity may also be a factor in pitting corrosion rates. Crevice
Corrosion (and related filiform corrosion) occurs in small openings such as joints and under defects in
non-metallic coatings. Corrosion on coated metals will begin with crevice or filiform corrosion that
progresses under the coating and eventually results in the rupture of the coating due to the build up of
corrosion products. Filiform corrosion is common on coated food and beverage cans that are exposed to
the atmosphere. In sea water this type of corrosion would be expected to lead to the destruction of coatings
and the exposure of the metal underneath to direct attack.

Corresion measurement

The most reliable information about corrosion in sea water comes from the direct exposure of
samples in the ocean environment. Well characterized samples (for chemistry, metallurgy and surface
condition) are carefully measured and weighed before exposure. Good studies also record the exposure
conditions (O, concentration, pH, temperature, flow rates) and their variation in time. After exposure the
samples are cleaned to remove the corrosion products and any marine fouling, then weighed. Cleaning
methods can be mechanical, chemical, or both, but standard methods are used to assure reproducibility in
the measurements.? Corrosion rates are usually reported in mils (thousandths of an inch) per year (mpy)
via the formula:

534W
P! =oAT ¢y

where W is the weight loss in milligrams, p is the density of the sample in grams/cm?2, A is the area of the
specimen in square inches and T is the exposure time in hours. Reporting corrosion rates in this manner is



useful for the assessment of corrosion damage for structural materials. Since we are interested in the total
amount of material corroded we must take into account the surface areas and densities of our samples.

Because direct exposure testing can be expensive and limited in the number of different conditions
that can be realistically experienced, testing is also conducted in the laboratory. In addition to simple
immersion tests, electrochemical studies that measure corrosion potentials and currents are also performed.
These studies can be useful in elucidating corrosion mechanisms, as conditions such as temperature,
oxygen concentration, and pH can be varied over wide ranges in the Iaboratory.

Sea water corrosion studies

The most widely cited studies of corrosion in sea water were undertaken by the Civil Engineering
Laboratory, Naval Construction Battalion, Port Hueneme, California. The studies involved the exposure of
about 20,000 samples of 475 different metal alloys at three depths in the Pacific Ocean. An exhaustive
summary of the results was published.? Some of these results, and the results of many other studies are
summarized {(with references) in Corrosion of Metals in Marine Environments,* report compiled by the
Metals and Ceramics Information Center. A useful study that compared the corrosion of mild steel in
polluted and unpolluted sea water was performed by Shimada et. al.> A study that examined the effect of
water flow velocity on the corrosion of steel was produced by Peterson and Lennox.¢ The consensus of
these studies is that the main factor influencing the corrosion rate for carbon steel is the dissolved oxygen
concentration. This is subject to the caveats that excessive flow rates will increase the corrosion rate
substantially, and that in polluted waters with high sulfide concentration (and a correspondingly low
oxygen concentration) the corrosion rates will be significantly higher than normally predicted from the
oxygen concentration.

In addition to Reinhart?, studies on the corrosion of aluminum include a five year field study by
Ailor”, and laboratory study by Dexter.® There appears to be an increase in the corrosion rate of aluminum
with depth, but the reasons are poorly understood.

Containers

Food containers are designed to keep the outside environment away from the food products. These
containers must themselves prevent a breach of the container from corrosion that is initiated either from the
outside environment or from the inside by the food product. Tin plated steel cans have been used for food
preservation since the heyday of the British empire. Under most conditions tin is more noble than iron, and
provides a barrier coating to prevent corrosion. The steel shest used in tin plated containers is usually a
mild steel with very low concentrations of additional elements. A mild steel has a carbon content of less
than 0.2 % (in the case of steel for cans, less than 0.14%) and about 0.5 % manganese.

In some cases, the tin plating is not sufficient to prevent the corrosive action of some food
products. In addition to the tin plating, organic coatings, called enamels in the industry, are also used. The
enamels are often oleoresins (natural products) or epoxies (synthetic products), but other coatings can be
used. Coatings can be used on the interior surface of the can only, but are sometimes present on both the
mterior and exterior surface. An interesting but slightly dated discussion about tin container technology is
given in the Metals Handbook.®

Many beverages are distributed in aluminum cans. Modern aluminum cans are deep drawn from
3004 alloy sheet. The lids on the cans are stamped from type 5182 sheet. The 3004 alloy contains about
1% manganese and 1% magnesium. The 5182 alloy contains about 4% magnesium and 0.3 % manganese.
Because of the very corrosive nature of some of the beverages, these cans also have organic coatings on the
mside. The outsides of the cans, however, are usually coated only with decorative paint that does not
completely cover the metallic exterior.



Chemistry of alloy components in sea water

The chemistry of the corrosion products from these containers, in the ocean enviromment, is
influenced by the same factors that control the rates of corrosion themselves. While a detailed discussion
of the marine chemistry of these corrosion products is beyond the scope of this study, a simplified
discussion of the fates of these products follows:

Iron: Because of the presence of dissolved oxygen in the ocean, iron in this environment exists
almost completely in the Fe(IlI) oxidation state. In spite of the high concentration of chioride in sea water,
chloride complexes of Fe(Ill) are not a factor in the distribution of iron. The very small solubility product
of Fe(OH); (about 10-37) guarantees that at the near neutral pH levels in sea water most iron exists as
solid or colloidal Fe(OH);. The net stoichiometry for the oxidation of iron to Fe(OH); is:

Fe+20, +3H,0 — Fe(OH); )

Fe(OH); is metastable, and must undergo dehydration
2Fe(OH); — Fe, 0, +3H,0 3)
to produce more stable forms such as Fe,0; that are common in ocean sediment. !0
Manganese: Manganese can exist in sea water in either the Mn(Il), Mn(III) or Mn(IV) oxidation
states, depending on the oxidative potential of the sea water. Since manganese is only a trace element in

sea water, yet is common in ocean sediments, most manganese must precipitate. The major precipitates of
manganese are believed to be MnCO,;, MnO(OH), and MnO,. The net reactions would be:

Mn+10, +H,0+CO}” — MnCO, +20H" @)
Mn +30, +} H,0 — MnOOH )
Mn +0, — MnO, (6)

Aluminum: Aluminum is oxidized to AI(OH), in neutral solution via:
Al+20, +2H,0 — Al(OH), ¥

Aluminum chemistry in the oceans can be quite complex. Aluminum is a major element in the earth's crust
and in ocean sediments. To a large extent, at ocean pH levels, any aluminum produced by the corrosion of
metallic aluminum probably ends up as insoluble AI(OH),. This aluminum hydroxide may also eventually
dehydrate to the oxide (Al,0,) as does iron.



Magnesium: Magnesium is oxidized via:
Mg +10, +H,0 - Mg> +20H" (8)

Magnesium is a major component of sea water, present at about the 1300 pg/mi level. A significant
portion may be present as the ion pair MgSO,,.

Tin: Tin is easily oxidized from the Sn(Il) state to the Sn(IV) state. At ocean pH levels the Sn(IV)
probably exists as insoluble Sn0O,.

With the exception of tin, these major corrosion products are common constituents of ocean
sediments and the earth's crust in general. As average oxide percent of ocean sediment, aluminum is

present at 12%, iron at 6.5%, magnesium at 2.3% and manganese at 0.9%. Tin is present at about the 11
ppm level 10

Experimental Methods

General Analysis Methods
A general discussion of the materials analysis methods used in this study is given here to provide
background for the specific procedures that follow.
1crp
Inductively Coupled Plasma (ICP) spectroscopy is used in the materials laboratory to determine the
composition of metal alloys. Metal samples are dissolved in mineral acids and diluted to known volumes.
The solutions are nebulized into a continuously running plasma where the constituent metal atoms are
excited to emit visible and ultraviolet light. The light is dispersed by a grating and detected by photo
multiplier tubes. These atomic emission lines are usually well resolved. The intensities of the lines can be
compared with the intensities from synthetic solution standards, allowing for a quantitative analysis of the
dissolved material. The ICP provides measurement precision of about 1% relative, and is sensitive to
concentrations in the low parts per billion for many elements. Metal alloys can be analyzed for major,
minor, and trace elements using the ICP.
Carbon/Sulfur Analysis
Due to the insolubility of some metal carbides and relatively poor sensitivity for carbon, the ICP is
not used to determine the carbon content of steels. Instead, a dedicated carbon/sulfur analyzer is used.
Samples of steel are combusted in an induction furnace in a stream of oxygen. The carbon dioxide that is
produced is measured using infrared absorption spectroscopy. Sulfur is similarly determined from the
sulfur dioxide that is produced. Analysis times are usually less than a minute, and experimental precision
is better than 1 % relative.
Metallography
Metallography is the examination of polished and sometimes etched metal samples under the
microscope. Samples are mounted in plastics for support during grinding and polishing. The polished
samples are examined on an inverted stage, incident-light, metallurgical microscope. The microscope is
equipped with either bright or dark field illumination and has a polarized light illuminator and a Numarski
prism attachment for enhanced phase contrast. The image may be viewed through binocular eyepieces and
photographed. Metallographic methods are useful for examining the microstructure of metals and making
MICroscopic measurements.



Electron Microscopy and Energy Dispersive X-ray Analysis

The scanning electron microscope (SEM) uses a focused electron beam to image specimens. The
SEM is capable of greater depth of field, higher magnification, and better resolution than optical
microscopes. Non-conductive specimens must be made conductive to be imaged in the SEM. In our
laboratory non-conductive specimens are sputter coated with a thin layer of gold. Samples in the electron
beam of the SEM are induced by the beam to emit x-rays at energics that are characteristic of their
elemental composition. Detection and analysis of these x-rays allow nondestructive qualitative and semi-
quantitative elemental analysis of the sample. The spatial resolution of x-ray analysis in the SEM is on the
order of 1 micron. Elements at the 0.2 percent level and above can be detected using this technique.

Table 1
X-ray Fluorescence Energies For Selected Elements

Element | Energy | Element | Energy | Element | Energy | Element | Energy | Element | Energy

(keV) (LeV) (eV) (keV) (eV)
C 0.277 2.31 Fe 6.4 Kr 1.59 Ag 298
N 0.392 2.62 Co 6.92 Rb 1.69 An 2123

S

Cl
o 0.525 Ar 2.96 Ni 747 Sr 1.81 Cu 0.93
F 0.677 K 3.31 Cu 8.03 1.92 Fe 0.705

Y

Ne 0.852 Ca 3.69 Zn 8.62 Zr 204 Pb 2.346
Na 1.04 Sc 4.09 Ga 9.24 Nb 2.16 Sn 3.414°
Mg 1.25 Ti 4.51 Ge 9.88 Mo 229 Zn 1.022
Al 1.48 v 4.95 Ru 2.55 Cd 3.538
Si 1.74 Cr 5.41 1.38 Rh 2.7 B 0.183
P 2.01 Mn 5.89 Br 1.48 Pd 2.84 Ba 4.466
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Analysis of Shipboard Metallic Waste
The samples of shredded food container waste that were received for analysis in the materials
laboratory are shown in figure 1. Sample descriptions are given in table 2.

Table 2
Description of Samples in figure 1

Sample Description
Label
A Tin plated can lid
B Tin plated can lid
C Tin plated can body with attached bottom; can
interior is white
D Tin plated can body
E Pepsi can body and top lid
F Coca Cola can body and top lid
G Sunkist Orange can body and top lid
H Pepsi can body
1 Tin plated can body
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The samples consist of some tin plated can bodies and lids and some aluminum beverage cans. An
initial visual examination showed that both the tin plated cans and the aluminum cans had organic coatings
at least on their interior surfaces, and maybe on the exterior surfaces as well. The aluminum beverage cans
have decorative paint on their outer surfaces. Pieces from samples B, C, and D were attached to an
aluminum SEM stub with conductive copper tape and sputter coated with a thin layer of gold before
examination in the SEM.

Pieces from samples C, D, E, F, and G were mounted on edge in filled epoxy hot pressed mounts.
The mounts were ground through 600 grit silicon carbide paper. The samples were examined with direct
and polarized light and selective photographs were made of the overall can wall configuration and of the
coatings on the materials. The container thicknesses for the samples were measured using a calibrated
eyepiece reticle. Some of the coatings were pigmented and active to polarized light, making them easily
seen; others were not. The coatings on the aluminum cans were difficult to see, and the actual coating
boundaries could not be positively identified. The samples were further polished with 6 micron diamond
slurry on a cotton cloth and re-examined. Finally the samples were etched to reveal the can metal
microstructure. Representative photomicrographs were made. The mount was then given a thin gold
coating and examined in the SEM.

The aluminum cans had organic coatings on the inside of the body and organic coatings on both the
insides and outsides of the lids. Most of the paint was removed from the metal surface by light grinding
with silicon carbide abrasive paper. The organic coatings and remaining paint were removed from the
samples by heating them in the flame of a Mecker bumer. Samples weighing about 0.2 g were then
dissolved in 5 ml concentrated HNO,, 5 ml of concentrated HCI and 5 ml of deionized water. The
solutions were diluted to 100.0 ml with deionized water and analyzed using the ICP.

Rectangular pieces of the tin plated can material were cut from samples A, C, and D. The areas of
the pieces were measured. The samples were immersed in concentrated hydrochloric acid to remove the
organic coatings and tin plating. The samples were attacked by the acid at edges and defects in the organic
coatings. After about an hour the organic coatings were undercut and floated free from the samples; the tin
platings had been dissolved. The samples were removed from the acid solution and washed with deionized
water. The hydrochloric acid solutions were analyzed for tin using the ICP spectrometer. Pieces of steel
from what remained of the samples were used for chemical analysis. Samples for ICP analysis were
weighed, then dissolved in a mixture of 2.5 ml of concentrated HNOj3, 2.5 ml of concentrated HCI, and 2.5
ml of deionized water. Solutions were diluted to 50.0 ml and then analyzed with the ICP. Samples for
carbon/sulfur analysis were weighed into crucibles and combusted in the carbon/sulfur analyzer.



Results

Aluminum

The results of the ICP analysis for the aluminum containers are given in table 3 below.

Containers

Table 3

ICP Analysis Results for Aluminum Containers
(Values in weight Percent; Balance is Aluminum)

Sample Cr Cu Mg Mn Si Ti Zn Fe
Sample E 0.005 0.181 1.09 1.01 0.132 0.018 0.05 0.40
body

Sample F - 0.007 0.160 1.06 1.08 0.162 0.024 0.03 0.36
body

Sample E lid 0.019 0.028 4.01 0.288 0.030 0.009 0.01 0.19
Sample F lid 0.010 0.009 4.10 0.291 0.030 0.014 0.01 0.15
3004 - 0.25 0.8-1.3 1.0-1.5 0.30 - 0.25 0.7
Specification max max max max
5182 0.10 0.15 4.0-5.0 0.20-0.50 0.20 0.10 0.25 0.35
Specification | max max max max max max

The chemistry of the body alloy is consistent with aluminum alloy type 3004. The lid is consistent with

type 5182.

The dimensions of the aluminum containers as measured by metallography are given in table 4

below.

Table 4
Aluminum Container Dimensions
Sample Metal Thickness (in.) Coating thickness
(in.)

Sample G side wall 0.0044
Sample F side wall 0.0043 0.0002
Sample F upper side wall 0.0067 0.0002
Sample H, bottom 0.0128
Sample H, lower side 0.0101
Sample F, top 0.0096
Sample F, pop top 0.0090
Sample F, pull tab 0.0133

Figure 2 is a micrograph of the aluminum side wall of sample F.
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Figure 2. 800 X.

The inner coating is just barely visible. It is presumed that this is an organic coating of some type, but its
exact nature is not known. Also visible in the microstructure of the aluminum are inclusions of aluminum-
manganese intermetallic particles that are typical of this alloy type.

Figure 3 is 2 micrograph of the top to side joint from sample F.




Modem aluminum beverage cans are two piece cans that have joints only on the top lid. The bottom of the
can is formed from the same piece of metal as the can side walls.

Tin Plated Steel Containers

Figures 4-11 show energy dispersive x-ray spectra from surfaces of the tin plated steel material
that was examined in the SEM. The outside, "tin," surface of sample B showed both light and dark regions
in the SEM. The dark regions were areas where a thick organic coating was present, as indicated by figure
4. The bright areas must have been locations where the organic coating was either very thin or missing
altogether. The x-ray spectrum from the bright area (figure 5)shows intense tin and iron lines. Most likely
this is from a thin (less than 1 pm) coating of tin that is penetrated by the electron beam to cause x-ray
emission from the iron below. The inside can surface of sample B, which had a "gold" appearance, was
covered with an organic coating, as is shown from the x-ray spectrum in figure 6. The x-ray spectrum
from an area on the same side of sample B where the golden coating had been scraped away is shown in
figure 7. Tin is present beneath this coating as well. The tin to iron intensity ratios indicate that the
thickness of the tin is probably larger on the "gold" side of sample B than the "tin" side. The x-ray spectra
of sample D (figures 10 and 11) were very similar to sample B. Samples B and D appear to be tin plated
on each side and have organic coatings on top of the tin plate. Sample C is tin plated on one side (figure 8)
and has a paint-like coating on the other side (figure 9) that contains some titanium dioxide pigment.

10
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The chemical analysis results for the tin plated steel containers are given in Table 5 below:

Chemical Analysis of Can Body and Lid Steel

Tabie 5

{Values in weight percent; Balance is iron.}

Sample C Al Cr Ni Mn Cu 8i 8 P Mo ¥ Co

i 0.116 0052 0016 {618 8.51 0014 0010 0.007 .013 0.000 0.003 8.001
A 3.109 0.022 0.041 4,028 .43 0.014 0.003 0.009 0.604 0.001 0.002 4.002
Type L .13 - 6.06 4.04 0.60 068 04020 005 0.615 0.05 a2 0.02
specification

{epaximunm values)

The steel meets the specifications for Type L steel {see ASTM A 623), a type commonly used for tin plate
food containers. This steel is a mild carbon steel that is very low in residual elements. Tables 6 gives

results of the thickness measurements for tin plated steel containers.

Tabie 6
Tin Plated Steel Container Dimensions
Sample Metal Thickness (in.} Coating thickness (in.)
Sample C side wall $.0096 <0005
Sample D side wall 00113 §.003
Sample D welded Seam 0.0131 0.0019
Sample D near seam 0.0067 <0005
Sample C, bottom Iid $.0087 0.0002

Figure 12 is an optical micrograph of the side wall seam from sample D.

Figure 12, 100X

i3




The scam appears to be a resistance weld. It does not have the bent geometry one would expect from a
solder joint. Neither is there evidence of lead in the x-ray spectrum from the joint. A fair amount of an
organic coating had been applied around the seam. The x-ray spectrum from the coating is shown in figure
13 below.

Sarple D Sean Coating
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Figure 13. X-ray spectrum from sample D Seam Coating
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The coating appears to be a chlorinated orgapic material that is filled with barium suifate. The barium
sulfate may be present as an aid to automated x-ray inspection of the coating integrity.
Figure 14 is an optical micrograph of the bottom to side joint from sample C.

Figure 14. 20 X.
Optical micrograph of Bottom to Side Joint of Sample C

14



This joint has typical geometry for a side o end joint. Figure 15 is the x-ray spectrum from the joint
sealant.
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Figure 15, Xeray spectrum from Joint Sealant in figure 14.

The sealant is chlorinated organic compound, that in this case is filled with aluminum and silicon
compounds, probably oxides. (It is also possible that silicon is present as embedded silicon carbide from
the grinding media).

Figure 16 is a micrograph of the sample C side wall that shows the white coating in cross-section.

Figure 16. 800 X,
Optical Micrograph of Sample C side wall.
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The coating is actually two layers. The layer closest to the steel appears to contain the most pigment. The
x~ray spectrum of the layer closest to the steel is shown in figure 17 below.
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Figure 17. X-1ay spectrum from inner coating layer in figure 16

The layer actually looks like 2 paint that contains a significant amount of titanium dioxide pigment.

Figure 18 barely shows the presence of the tin plating on the etched surface of sample D.

Figure 18. 1250X
Optical micrograph of Sample D showing the tin plating.
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The plating is too thin for its thickness to be measured optically. The measurement of tin plating thickness
is usually done indirectly by stripping the tin from the sheet and using bulk chemical analysis to determine
how much tin was present on a given surface area.

Tin plating thicknesses were estimated from the ICP analysis of the solutions containing tin
stripped from samples A, C, and D by:

Mgy
t= %)
pSnA

where t is thé total plating thickness, myg, is the mass of the tin from the analysis, pg, is the density of tin
and A is the area of the sample. The results for three samples were:

Table 7
Tin Plate Total thickness from ICP Measurement
Sample Total thickness
A 45 pinch
C 10 p inch
D 73 winch

In the case of the sample A and D, the total thickness includes coatings on both sides. The measurement
for sample C is for only one side, as the acid did not attack the paint like coating on the other side.
Examinations in the SEM confirm the presence of a tin plating of around 30 p inch adjacent to the paint
surface on Sample C.

Discussion

Aluminum Containers

The aluminum container bodies are constructed of type 3004 aluminum. The lid materials are of
type 5182 aluminum. The containers have an organic coating on the inside of the body. The lids appear to
have organic coatings on both the inside and outside.

Reinhart® has no corrosion data for type 3004 aluminum. He does give data for type 3003-H14
(shown in Table 8), which does not have the 1% magnesium that is present in type 3004. Data is given for
samples that were directly exposed to sea water and samples that were buried in bottom mud. Since
magnesium additions have been shown to not affect the pitting potential of aluminum alloys?, the
performance of type 3003 would be similar to that of type 3004. The H14 in the designation refers to some
strain hardening to the alloy. The aluminum in beverage can bodies is severely strain hardened.

17



Table 8

Corrosion rate data for 3003-H14 aluminum3

Depth 0, pH | Salinity | Temperature | Exposure Rate Rate
(ft) Concentration (ppt) °C time Exposed | Buried
(mlfl) (days) (mpy) {(mpy)

5 5.9 8.1 |3351 15 181 1.1 -

5 5.9 8.1 {3351 15 366 1.0 -

5 5.5 8.1 33.31 15 588 1.2 -
2340 0.4 7.5 34.36 5 197 1.2 1.6
2370 0.4 7.5 34.36 5 402 1.4 1.7
5640 1.3 7.6 |3451 23 123 0.5 1.9
5640 1.3 7.6 34.51 2.3 751 2.3 2.5
5300 1.2 7.5 34.51 2.6 1064 2.0 1.9
6780 1.6 7.7 34.40 2.2 403 3.9 3.7

These data appear somewhat scattered, but the corrosion rates are higher at the greatest depths.

Similarly, there is no data for type 5182, but the data for most 5000 series aluminum alloys are very
similar. The 5000 alloys tend to be more corrosion resistant than the 3000 series alloys. The composition

of type 5086 (4 % Mg, 0.4% Mn ) is not too different from the lid alloy 5182.

Table 9

Corrosion rate Data for 5056 Aluminum3

Depth 0, pH | Salinity | Temperature | Exposure Rate Rate
(ft) Concentration (ppt) °C time Exposed | Buried
(ml) (days) (mpy) (mpy)

5 5.9 8.1 |33.51 15 181 1.2 -

5 5.9 8.1 {3351 15 366 0.8 -

5 5.5 8.1 13331 15 588 1.6 -
2340 0.4 7.5 (3436 5 197 0.7 1.1
2370 04 75 13436 5 402 0.6 1.3
5640 1.3 7.6 |34.51 23 123 0.1 1.4

5640 1.3 76 |34.51 23 751 2.0 -
5300 1.2 75 13451 2.6 1064 0.9 12
6780 1.6 7.7 | 34.40 2.2 403 0.6 0.8

Electrochemical measurements of corrosion potentials and currents on aluminum by Dexter®
indicate that the apparent increase in corrosion rates of aluminum with depth is probably due to the effect
of reduced pH. He found that when oxygen concentration and pH are varied together, the effect of pH

dominates the corrosion rate. Lower pH increases both the pit initiation rate and the pit growth rate.

18




The above data show very little effect of temperature on the corrosion of aluminum. While one
study does indicate that the corrosion rate of 3004 aluminum is a factor of two higher at 25 °C than 10 °C,
the corrosion rate of type 6061 alloy aluminum in tropical waters near the Panama canal zone is not
significantly greater than the rate near Port Hueneme, California# The passivity of the oxide films on
aluminum may be diminished at higher temperatures, as the corrosion mechanism has been seen to change
from pitting to uniform attack at higher temperatures.4

Corrosion data for shallow water immersion tests of 5086-H112 by Ailor give the following rates:

Table 10
Corrosion rates for 5086 aluminum from a five year study’

Exposure time Rate mpy
1 year 0.25
2 year 0.17
5 years 0.15

These rates are about an order of magnitude smaller than those observed by Reinhart. Since exposure
conditions are not given in Ailor's study it is difficult to comment critically on the reasons for the
difference. It may be that some experimental factor such as the cleaning method is involved.

Tin Plated Steel Containers

While the samples that were examined are somewhat limited, some conclusions about the
materials can be drawn. Food containers are made from a mild steel that has a low concentration of
residual elements. The cans may or may not have tin platings. The cans may or may not have organic
coatings. Some foods, such as tomatoes, are known to taste better if there is no organic coating on the
inside of the can. Joints are sealed with organic sealants that can contain a variety of inorganic fillers. We
observed no lead containing solders, but our sample was quite limited. The more corrosion resistant
organic coatings (and the thicker tin plate) will usually be on the inside of the can. The measured
thicknesses of the cans (with the exception of seam areas) range from about 0.009 inch to 0.013 inch. In
the tin industry this is commonly referred to as 80-112 Ib "plate". The samples that we examined had
varying thickness of tin plating. Table 11 lists common tin plating thickness.

The tin plating thickness measurement of Sample D in table 7 is consistent with a D 100/25
differential coating. Sample A is consistent with a D 50/25 differential coating. Sample C is probably also
from a D 50/25 differential coating. The thickness of the thin platings thus can vary from can to can (or
between bodies and lids) and between the inside and outside. The thicker tin platings are usually on the
inside of the can. A "base box" of tin plated sheet, for the thicknesses common in food containers, will
weigh around 100 pounds. Thus, less than 1 percent of the mass of a tin plated steel food container is tin.

Corrosion rates for pure tin in seawater have been measured both at the surface and at depth.3 The
rates range from 8 mpy at the surface to 0.5 mpy at 5640 fi. The rates are somewhat correlated with the
dissolved oxygen content. In seawater tin is cathodic (more noble than) to iron, so one might expect iron in
contact with tin to corrode preferentially. However, with the very thin tin platings present on our samples
(0.015 to 0.060 mil), it seems likely that the tin plating (where not protected by organic coatings) would be
rapidly undercut and spalled away from the can surface by iron oxide corrosion products. The tin plating
should corrode away quite rapidly in seawater.

19



Table 11

Common tin plating thicknesses!

Designation Tin Coating weight each surface | Tin Thickness each side ()t inch)
(Ib/base box)
10 0.05/0.05 .06/0.06
20 0.10/0.10 12/12
25 0.125/0.125 15/15
35 0.175/0.175 22/22
50 0.25/0.25 30/30
75 0.375/0.375 45/45
100 0.50/0.50 60/60
D 50/25 0.25/0.125 30/15
D 75/25 0.375/0.125 45/15
D 100/25 0.50/0.125 60/15
D 100/50 0.50/0.25 60/30
D 135/25 0.675/0.125 82/15

Table 12 below shows corrosion rate data for AISI type 1010 steel, a mild steel very similar in
composition to the Type L steel used in tin plated food cans.

Table 12
Corrosion Rates for AISI 1010 Steel (from Reinhart3)

Depth 0, pH | Salinity | Temperature | Exposure Rate Rate
‘Concentration (ppt) °C time Exposed | Buried
(mi/) (days) (mpy) (mpy)
5 59 8.1 33.51 15 181 9.1 -
5 5.9 8.1 3351 15 366 8.0 -
5 5.5 8.1 13331 15 588 8.9 -
2340 0.4 7.5 34.36 5 197 1.6 1.2
2370 0.4 75 13436 5 402 1.1 1.1
5640 1.3 7.6 | 3451 2.3 123 2.7 1.9
5640 13 76 |3451 23 751 0.8 0.6
5300 1.2 7.5 34.51 2.6 1064 1.0 0.7
6780 1.6 7.7 13440 2.2 403 1.9 1.1

Table 13 shows corrosion rate data for JIS SS41steel (equivalent to AISI 1020), a mild steel with
around 0.2% carbon.
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Table 13
Corrosion rate data for JIS SS41 steel (from Shimada*®)

Depth (ft) 0, (ml/l) pH Exposure Rate (mpy)
time {days) | Exposed
6.6 6.9 8.1 720 11
98 6.4 720 9
197 3.3 720 4
295 6.2 720 3
12 1
®" Reinhart a
0T | o shimada
x = |
E 8 + " O
E
=
= 61
b
3 41 o
| |
2T n
n
n ..
0 i — : } : } :
0 1 2 3 4 5 6 7

Oxygen Concentration (ml/l)

Figure 19. Corrosion rate of mild steel vs. oxygen concentration.

The data from the Reinhart and Shimada studies show remarkably good correlation between
oxygen concentration and corrosion rate, as is shown in figure 19. However the Shimada study also
examined corrosion rates in a polluted bay, where the dissolved oxygen concentration was only 0.09 miA.
The corrosion rate under those conditions was about 7.9 mpy, much larger than would be expected from
the oxygen level. This may be due to the presence of sulfate reducing bacteria and the sulfide that they
produce. The presence of sulfide generally increases the corrosion rate of steel in seawater. This may be
due to catalytic effects that increase the rates of both the oxidation and reduction reactions at the steel
surface, as well as stabilization of the corrosion products as insoluble sulfides.12

Peterson and Lennox’ measured the corrosion rates of mild steel where the mean temperature was
25 °C, the mean dissolved oxygen content was 8.6 mi/l and the mean pH was 8.07. Samples were exposed
in a laboratory cell at a low flow rate, from a pier with normal tidal flow, and in a flume at flow of 0.23
meters/s. The corrosion rates were 2.3, 4.2, and 7.9 mpy respectively. While these data show the effect of
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flow, the corrosion rates are somewhat less than might be expected from the oxygen concentration when
compared with the data in figure 19. This is indicative of the variability in results that might be expected
between different studies that use perhaps slightly different materials and methodologies at different
locations. Other near-surface immersion studies* {exposure conditions unknown) give initial corrosion
rates for carbon steel of about 4-5 mpy, which stabilize over the long term (many years) to around 3 mpy.

Controlled laboratory studies have shown that the corrosion of steel should be accelerated by
increasing temperature.> However, in natural waters, the temperature has a significant effect on other
factors such as the dissolved oxygen concentration and level of biological activity. For example, Shimada
et. al. 5 found that in unpolluted seawater the corrosion rates were highest in winter months when oxygen
concentrations were highest even though temperatures were lower. In polluted seawater (with very low
oxygen levels) the corrosion rates were highest in summer months when biological activity was at its
highest. Reinhart and Jenkins!? used linear multivariate regression analysis to give the following formula
for the dependence of the corrosion rate of steel on oxygen concentration and temperature:

Corrosion Rate(um/yr) = 21.3 + 25.4 [0, (m/D}+ 0.356 [T (° C)] (10)

At ocean oxygen concentrations that typically range from 1-7 ml/l, it is clear from equation 10 that oxygen
concentration dominates the corrosion rate for steel in seawater.

The effect of biofouling on the corrosion rates of steel is open to some question. In theory, marine
organism growth should slow uniform attack corrosion by restricting access of oxygen to the steel surface.
Pitting and crevice corrosion should be increased by the creation of differential aeration cells at marine
organism attachment sites. Comparison of corrosion rates between samples immersed in filiered and
unfiltered sea water show no significant difference, either in the general corrosion rate or the depth of
pits.1* Other studies!> indicate that under fouling conditions initial corrosion rates can be quite large (>13
mpy) until specimens are covered by marine organisms (after about 1.5 years). At that point corrosion
rates decrease until oxygen is excluded from the specimen surface and corrosion is controlled by sulfate
reducing bacteria. The corrosion rates then stabilize at about 2-3 mpy.

Use of Corrosion rates to predict lifetimes and mass loading

The simplest use of the corrosion rate information is in the prediction of the lifetime of a particular
container in seawater. A complicating factor is the presence of the orgamic coatings on the container
surfaces. These coatings will tend to protect the metal from corrosion, but not indefinitely. The shredding
process provides ample edges and defects for the origination of crevice corrosion. The crevice corrosion
will eventually destroy the usefulness of the coating. The inside of the tin plated steel cans are generally
much better protected with tin plating and coatings than the outside. Similarly, the aluminum can bodies
have a protective coating on the inside, and only decorative paint on the outside. The outsides of the cans
will begin to corrode first. The can may completely corrode from the outside in before the interior surfaces
are significantly attacked. Experience from the exposure of some shipboard waste in San Diego bay for
ten months seems to confirm this hypothesis. The coated interiors of tin plated steel cans remained in
relatively good condition after ten months exposure (the tin plating was still intact under the organic
coating) while the exteriors of the cans showed severe corrosion. Consequently, container lifetimes can be
estimated by simply dividing the container wall thicknesses by the corrosion rates. For a steel can that is
nominally 0.010 inch thick, the lifetime at a corrosion rate of 4 mpy would be 2.5 years. We measured
aluminum can wall thicknesses that varied from as little as 0.004 inch near the middle to 0.013 inch on the
bottom. For an aluminum can body to completely corrode at 2 mpy would take 6.5 years. The aluminum
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can lids would be expected to corrode more slowly, as they are coated on both sides and are made of the
more corrosion resistant 5000 series alloy.

Additional information can be gained by calculating what we call the mass removal rate fraction,
m,. We define this as fraction of mass removed by corrosion per year for a given container thickness, or

(11)

me = 1p effective container surface area
confainer mass

where r is the corrosion rate in inches per year and p is the density of the alloy. A "base box" of tin plated
steel has a total area of 31360 in2. If we assume on the average 100 lbs per base box, and a corrosion rate
of 4 mpy, mg for tin plated steel cans would be 0.355 pounds of corroded metal per pound of cans per year.
An aluminum can weighs about 0.48 ouncel® and has a surface area of about 25 in? of 3004 aluminum
alloy and about 3.6 in? of 5182 aluminum alloy. Because the nature of the corrosion of aluminum makes it
difficult to predict corrosion rates as a function of ocean conditions, and because the rates do not vary so
greatly between the two can alloys it seems prudent to just make an order of magnitude estimate
independent of alloy or conditions. If one takes 2 mpy as the corrosion rate (this should probably be
considered an upper bound), then m; for aluminum can waste would be about 0.18 pounds corroded per
pound of waste per year.

In a situation where waste is thrown overboard at a constant rate, W, the amount of material
remaining uncorroded on the ocean floor, M, can be modeled by the differential equation:
dM

—=W-mM 12
m m. (12)

where t is the time. This simply says that the rate of waste accumulation on the ocean floor equals the
difference between the rate of addition and the rate of loss due to corrosion. Under steady state conditions,
where dM/dt is zero, we have

M= (13)

m;

and by definition of steady state, the amount of material being lost as corrosion equals the amount of
material that is being added by being thrown overboard. Using the m, calculated above for tin plated steel
cans, if 100 pounds per year of waste is thrown overboard, at steady state 282 pounds of waste would be
always present on the ocean floor. A complete solution of equation 12 leads to:

W
=—(1-¢g™t 14
(1-e™h (14)

This indicates that steady state is only achieved at infinite time. Steady state is approached with time
constant 1/m;. Given the m; calculated above for tin plated steel, 50% of steady state is reached in 2.0
years, 90% in 6.5 years, and 99% in 13 years.
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APPENDIX H

WAKE DISPERSION MODELING RESULTS

Source:

Wake Dispersion Modeling.

San Diego, California

Naval Command, Control & Ocean Surveillance
Center, RDTE Division, Code 522,

Naval Coastal Systems Station, 1995
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DIANA::HYMAN

JOB 1792

File: _$40$DUA29:[HYMAN.GRID.DISPERSION]JFFG10-STRAT.LAS;2
Last Modified: 12-JUN-1995 13:48
Owner UIC:  [HYMAN]

Length: 5091 blocks

Longest record: 27 bytes

Priority: 100

Submit queue: LPS408LAZER

Submitted: 12-JUN-1985 13:48

Printer queue: LPS40$LAZER

Printer device: LAZER

Digital Equipment Corporation PrintServer 40 LAZER

OpenVMS AXP system V6.1 DECprint Supervisor V1.1A
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DIANA::HYMAN

JOB 430

File: _$40$DUA29:[HYMAN.GRID.DISPERSION]CVN20.LAS;1
Last Modified: 7-JUN-1995 08:25
Owner UIC:  [HYMAN]

Length: 6542 blocks
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