
CENPS-OP-DMMO 

MEMORANDUM FOR RECORD 3 June 1991 

SUBJECT: DECISION ON THE SUITABILITY OF DREDGED MATERIAL TESTED 
UNDER PSDDA GUIDELINES FOR BELLINGHAM MAINTENANCE DREDGING IN 
WHATCOM CREEK WATERWAY, SQUALICUM CREEK WATERWAY, AND I & J 
STREET WATERWAY TO BE DISPOSED OF AT TIIE BELLINGHAM BAY 
NONDISPERSNE OPEN WATER DISPOSAL SITE AND ROSARIO STRAITS 
DISPERSIVE SITE. 

1. The following summary reflects the PSDDA agencies'(Corps, Departments of Ecology and 
Natural Resources, and the Environmental Protection Agency) consensus decision on the 
acceptability of the sampling conducted between 13-17 November 1990 (Whatcom Waterway, 
Squalicum Waterway, I & J Street Waterway), 5 December (I & J Street Waterway), and 12-13 
February 1991 (resampling of Squalicum Waterway and I & J Street Waterway) and subsequent 
analyses, discussed in Science Application International Corporation's (SAIC) report dated March 
1991, to make a determination of suitability on the 299,125 cubic yards of dredged material 
proposed for maintenance dredging from the Bellingham Harbor navigation channels and adjacent 
berthing areas for disposal at the Bellingham Bay nondispersive PSDDA disposal site. A total of 
12,000 cubic yards of material was characterized from Port of Bellingham berthing areas in 
Whatcom Waterway, 194,214 cubic yards of material was characterized from within the federal 
navigation channel and adjacent berthing areas in Squalicum Creek Waterway, and 92,911 cubic 
yards of material was characterized from the federal navigation channel and adjacent berthing 
areas in the I & J Street Waterway. 

2. The PSDDA approved sampling and analysis protocols were followed, and quality 
assurance/quality control guidelines specified by PSDDA were generally complied with. Field 
sampling was initially sequenced into two separate efforts (i.e., round 1 and 2) to facilitate 
chemical analyses. Quality assurance failures of reference area samples and test samples during 
round 1 bioassay testing necessitated resampling some of the round 1 samples for a bioassay retest 
(i.e., round 3) for two of the bioassays ( amphipod and sediment larval). Lastly, a fourth sampling 
effort was conducted to sample a berthing area in the I & J Creek Waterway not previously 
characterized and to resample two areas in the navigation channel requiring bioassay analyses 
before a suitability decision could be made. After reviewing all the data gathered for these 
characterizations the PSDDA agencies concluded that the data were sufficient and acceptable for 
regulatory decision-making under the PSDDA program. 

3. A total of 33 (uncomposited/composited) analyses were conducted to characterize the material 
from the three waterways. Three uncomposited surface samples were analyzed from Whatcom 
Waterway, nine composited surface samples and three composited subsurface samples were 
analyzed from Squalicum Waterway, and fourteen uncomposited surface samples, one composited 
surface sample and three composited subsurface samples were analyzed from I & J Street 
Waterway. The distribution of samples (either uncomposited or composited samples) are shown 
in enclosures 1-3 (note that all samples with S prefix are single (uncomposited) samples and C 
prefix are composited samples) for each waterway. Round 1 chemistry analyses results are 
depicted in enclosure 4, showing all detected exceedances of PSDDA screening level (SL) 
guidelines. Round 2 chemical analysis exceedances of SL are depicted in enclosu~e 5, whereas 
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round 4 chemical analysis results for C18 are depicted in enclosure 6. Of the thirty-three 
management units tested, four (two from Squalicum: C3, C'J; two from I & J: S13, C15) bad no 
exceedances of chemistry guidelines for any of the 58 chemicals tested. Collectively, thirty-two 
chemicals of concern (COC) exceeded the PSDDA screening level (SL) (34 including total LPAH 
and HPAH), two COC (mercury and total DD1) exceeded the bioaccumulation trigger (BT), and 
four COC (mercury, zinc, 2-4-dimethylphenol, total DD1) exceeded the maximum level (ML) 
guideline among the remaining twenty-nine management units tested. There were nine chemicals 
with minor detection limit exceedances of PSDDA Su (enclosure 7). Of the three samples 
analyzed from the Whatcom Creek Waterway, two failed on chemistry (i.e., one COC greater 
than 100% over ML, or two or more exceedances of ML) alone (see Phase II MPR, page A-23 
to A-24), and the third (5700-04) failed the bioassay disposal guidelines (enclosure 8). Of the 
twelve analyses conducted in the Squalicum Creek Waterway, six dredged material management 
units (Cl, C2, CS, C9, ClO, C11,) failed the chemistry disposal guidelines due to elevated zinc 
levels (enclosure 4). Of the seventeen analyses conducted from the I & J Street Waterway, one 
dredged material management unit (DMMU) (SB) was judged unsuitable for unconfined open­
water disposal (UCOWD) based on mercury exceedance of BT (i.e. greater than 1.5 ppm), 
whereas four DMMU from I & J Waterway (S9, SlO, Sll, C14) failed biological nondispersive 
disposal guidelines. 

4. Tiered testing was conducted, and twenty of thirty-three analyses required bioassays due to 
chemical exceedances of Su, with one analysis from the I & J Waterway (sample SB) exceeding 
the BT for mercury. The Corps elected not to perform biological testing (i.e., bioassays + 
bioaccumulation test) on this DMMU, and this DMMU is considered unsuitable for UCOWD. A 
to tal of eight DMMU exceeded PSDDA disposal guidelines for chemistry (test sediment >ML by 
100%, or 2 or more exceedances of ML), and were judged unsuitable for UCOWD (see enclosure 
4). Two DMMU exceeded the ML for zinc in Squalicum Creek Waterway (C8, C12), but were 
within allowable chemistry guidelines for biological testing (i.e., less than 100% greater than ML). 
Chemicals noted which exceeded the ML in the Whatcom Waterway were mercury, 4-
Methylphenol, and total DDT (enclosure 4). In the Squalicum Waterway high zinc concentrations 
were responsible for failing eight DMMU. At the present time the PSDDA "dredgers option" 
(Phase I MPR, page 5-12 to 5-13) is not available if PSDDA maximum level chemical disposal 
guidelines are exceeded. Results and discussion of the four rounds of bioassays performed on the 
twenty samples follows below. 

5. PSDDA interpretation and statistical analyses resulted in a nondispersive site bioassay decision 
matrix shown in enclosure 8, and a dispersive site bioassay decision matrix as depicted in 
enclosure 9. The round 3 retest of round 1 echinoderm/amphipod bioassays was adequate to 
allow regulatory decisions on the suitability of each DMMU included in this round for unconfined 
open-water disposal. Round 4 bioassay testing bad no QNQC problems, and individual bioassay 
data are depicted in enclosure 6. In summary, bioassay testing results were interpreted using both 
nondispersive and dispersive disposal guidelines. Of the twenty laboratory samples 
(single/composited) subjected to bioassay testing, five dredged material management units failed 
PSDDA nondispersive site interpretation guidelines (enclosure 8) and nine failed dispersive site 
guidelines for unconfined open-water disposal (enclosure 9). PSDDA interpretation guidelines 
specified in June 1988 EPTA, and Sediment Larvae bioassay interpretation guidelines clarified in 
the Phase II Management Plan Report (MPR) and the July 10, 1990 bioassay workshop were 
used to evaluate the bioassay data. Interpretation guidelines discussed in the Phase II MPR 
specified necessary clarifications/changes in the Echinoderm larval bioassay mortality and 
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abnormality performance standards for control sediment, reference sediment, and dredged 
material relative to those specified in June 1988 EPTA No performance problems were 
encountered during round 1 and 2 testing for the Neanthes 10-<lay acute bioassay and saline 
r:nicrotox bioassays. However, severe problems with reference and test sediment sample 
performance were observed during the round 1 tests for the amphipod bioassay and the sediment 
larval (echinoderm: Dendraster excentricus) bioassay, necessitating resampling and retesting 
(round 3) based on QNQC reference sample performance and results of sediment 
conventional/water quality monitoring which demonstrated probable test interference from sulfides 
and ammonia. Round 2 bioassays also had reference sample performance problems. An expanded 
discussion of bioassay reference performance problems (including ammonia and sulfide influences) 
and the PSDDA agency resolution of these problems allowing decision making to proceed for all 
bioassay testing rounds, including round 2 amphipod and echinoderm larval bioassay test results, 
are included in Appendix I. 

6. The association of echinoderm larval mortality with bulk ammonia and dissolved ammonia in 
the round 3 retest (see Appendix I, enclosure 10), strongly implicates ammonia as contributing to 
the echinoderm mortalities observed for C4. Elevated ammonia concentrations in fine-grained 
sediments are generally the result of bacterial degradation of organic nitrogen compounds. While 
ammonia is not listed as a chemical of concern it is a plant nutrient, which when elevated can . 
significantly increase toxicity in bioassays (Ankley, Katko, and Arthur, 1988). Ammonia generally 
results from the decomposition of nitrogenous organic matter, and is one of the major 
constituents of the complex nitrogen cycle. Ammonia toxicity in dredged material is 
acknowledged in a laboratory environment, but at a disposal site would be transitory and short 
lived (i.e., hours or less) due to rapid dilution in the surrounding water (Burkes and Engler, 
1978). Ammonia toxicity has been well documented in the literature for Echinoderm 
embryo(s)/larvae and effects found are more pronounced in larvae (pluteus stage) than during the 
gastrulation stage of development (Kobayashi, 1984). The Echinoderm larval test measures 
successful larval attainment of the pluteus stage. Concentrations of ammonia as low as 1 to 3.2 
mg/liter were associated with arrested fertilization and development in various sea urchin eggs in a 
study by Kobayashi (1984). Examination of the round 1 mortality response for C4 (see Appendix 
I, enclosure 1) indicated that bulk ammonia levels of 290 mg/kg measured in this sample would 
predict (y = 34.6206 + 0.1878 x) a mortality of 89.1 percent (actual mortality observed was 96.7 
percent) and that round 3 bulk ammonia measurements of the resampled/retested C4 (170 mg/kg) 
would predict a mortality of 66.5 percent, which was very close to the observed mortality of 68.9 
percent. Moreover, dissolved ammonia levels observed in round 3 echinoderm test beakers for C4 
( 48 hour measurements = 1.09 mg/I) predicted a mortality of 67.9 percent utilizing the regression 
equation (y = 32.6756 + 32.2838 x) found during round 1 testing, and predicted a mortality of 
52.1 percent utilizing the round 3 regression equation (y = 6.455 + 41.908 x)(see Appendix I, 
enclosures 2 and 10). Collectively, these data suggest that the ammonia versus mortality response 
relationship was relatively stable between the two testing rounds. The dissolved ammonia 
concentrations measured in the C4 test beaker exceeded 1 mg/I (@ 48 hours) in both testing 
rounds 1 and 3, which was well within the range documented in the literature demonstrating an 
effect on echinoderm larval development. Examination of the chemistry in C4 showed that DDT 
slightly exceeded the PSDDA SL at 8.3 ppb (SL = 6.9 ppb ). Two other DMMU (S6 and S7) 
contained higher levels of DDT at 10.2 and 16.2 ppb and both passed the biological disposal 
guidelines for all four bioassays (enclosures 4 and 5). Because the ammonia concentrations 
observed during both rounds 1 and 3 for C4 (bulk ammonia and dissolved ammonia) accounted 
for the mortalities observed in C4 it was recommended that best professional judgement be 
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exercised, and the echinoderm sediment larval bioassay results for C4 be set aside and not be used 
in the regulatory suitability decision. The remaining three bioassays all indicated this subsurface 
sample was suitable for unconfined open-water disposal. 

7. The Squalicum Waterway subsurface failure of ClO due to high zinc levels of 5,000 ppm 
compared to 2,500 ppm in the overlying composited surface sample C8, which passed the PSDDA 
disposal guidelines, is of concern to the PSDDA agencies. The Evaluation Procedures Technical 
Appendix (EPTA, pages 1-12 to 1-13) states that it is unacceptable to dredge a surface sample and 
expose a more contaminated subsurface layer, unless the contaminated subsurface layer is either 
overdredged to remove all the contaminated material or capped with clean material. Because 
there is no place for the contaminated material, the PSDDA agencies thereby recommend leaving 
all material in composited sample C8 in place (approximately 9,000 cubic yards) which overlies 
ClO, but will allow the dredging and disposal of those portions of C8 designated by field sampling 
stations 16 and 17 (approximately 4,073 cubic yards) making up the inner navigation channel 
portion of C8 (see enclosure 2). 

8. Examination of the subsurface composited sample C14 in the I & J Port of Bellingham 
berthing area, which failed the disposal guidelines, requires some discussion. The surface sample 
S12 at this location passed both the nondispersive and dispersive bioassay disposal guidelines, with 
chemical SL exceedances for Cd, Hg, HP AH, dibenzofuran, and DDT noted in the chemical · 
analysis performed (see enclosure 5). Examination of the chemistry for C14 indicated that there 
was only a single exceedance of the SL for 1,2,4-Trichlorobenzene at 7.5 ppb (current SL = 6.4; 
proposed SL change per 1991 Annual Review Meeting to be implemented on June 15, 1991 = 13 
ppb). The source of the failure for this management unit was the Neanthes bioassay response 
resulting in a single hit failure under the PSDDA nondispersive disposal guidelines. Examination 
of the mortality responses within the five replicates for this sample indicated that there was a high 
degree of within sample variability (0, 80, 10, 40, 60 percent mortality), and suggests that this 
result may be anomalous or spurious. The other three bioassays indicated the material was 
suitable. Comparisons of the chemistry in S12 with underlying C14 indicates that the sediment 
quality should not be degraded relative to the surface material, although the apparent reason for 
the Neanthes hit in the subsurface sample is not clear, and there was no apparent QNQC 
problem with the data. If the material in S12 is dredged, exposing the underlying sediments 
represented in C14 should not result in a sediment quality problem. The PSDDA agencies 
concluded that S12 could be dredged. 

9. Enclosure 10 provides a chemistry and bioassay decision summary for each of the thirty-three 
DMMU tested relative to its suitability for unconfined openwater disposal at either the 
Bellingham Bay nondispersive site or the Rosario Staits dispersive site. 

10. Enclosure 11 provides the cumulative volume testing summaries for each waterway for the 
federal and nonfederal (Port of Bellingham) portions of the project Based on the above 
discussion and summary of chemical and bioassay results for the Bellingham Harbor .Maintenance 
Dredging Characterization for Whatcom Creek Waterway, Squalicum Creek Waterway, and I & J 
Street Waterway, the PSDDA agencies concluded that all the material tested (12,000 cubic yards) 
from the Whatcom Creek Waterway is unsuitable, 93,901 cubic yards from the Squalicum Creek 
Waterway is suitable (100,313 cubic yards is unsuitable), and 68,178 cubic yards from the I & J 
Street Waterway is suitable (24,733 cubic yards is unsuitable) for dredging and disposal at the 
Bellingham Bay nondispersive disposal site. 
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11. The Corps proposes to dispose all dredged material suitable for unconfined open-water 
disposal at the Bellingham Bay nondispersive disposal site. The Port of Bellingham expects to 
dispose all its suitable material at the Bellingham Bay nondispersive site, but in the event the site 
closure on 1 November 1991 takes place before the Port completes it dredging, the Port would 
then utilize the Rosario Straits dispersive disposal site for the remainder of its material All the 
Port's material found suitable under the PSDDA nondispersive site guidelines passed the more 
restrictive dispersive site guidelines except DMMU C18 (7,427 cy). The DMMU C18 material is 
only suitable for disposal at a nondispersive PSDDA site. 

5 



SUBJECT: DECISION ON THE SUITABILITY OF DREDGED MATERIAL TESTED 
UNDER PSDDA GUIDELINES FOR BELLINGHAM MAINTENANCE DREDGING IN 
WHATCOM CREEK WATERWAY, SQUALICUM CREEK WATERWAY, AND I & J 
STREET WATERWAY TO BE DISPOSED OF AT TiiE BELLINGHAM BAY 
NONDISPERSIVE OPEN WATER DISPOSAL SITE AND ROSARIO STRAITS 
DISPERSIVE SITE. 

Concur: 

It/ ~/ff( 
Jb'e 

7 >Tu~ !991 
Date 

Date 

~ "· 1q9/ Date 

Enclosures 

Copies Furnished: 

Corps/Frank Urabeck 
Corps/Linda Cox 
Corps/Hiram Arden 

~{.~~ 
Seattle District eofPSOfEn&iD:r: 
Dredged Material Management Office 

~~0'~ 
David Fox / 
Seattle District Corps of Engineers 
Dredged Material Management Office 

uSSMcMillan 
Washington State Department of Ecology 

John Malek/Justine Smith 
Environmental Protection Agency 
Region X 

Washington State Department of Natural Resources 

Ecology/Russ McMillan 
DNR!Betsy Striplin 

Corps!f om Mueller/Bob Martin 
Corps/David Kendall 

Lummi Indian Nation/Mike McKay 
DMMO File 

EP NJohn Malek 
EPNJustine Smith 
Ecology/Maria Peeler 

6 



Literature Cited 

Ankley, G.T., A Katko, and J. W. Arthur. 1988. Identification of Ammonia as an important 
sediment-associated toxicant in the lower Fox River and Green Bay, Wisconsin. 
Environmental Toxicology and Chemistry. Vol.9, pages 313-322. 

Burkes, S.A and R.M. Engler. 1978. Water Quality Impacts of Aquatic Dredged 
Material Disposal (Laboratory Investigations). Technical Report DS-78-4. U.S. Army 
Corps of Engineers; Waterways Experiment Station, Vicksburg, Mississippi. 

Kobayashi, N. 1984. Marine Ecotoxicological Testing with Echinoderms. In: Ecotoxicological 
Testin~ for the Marine Environment. Editors: G. Pel'Soone, E. Jaspers, and C. Claus. 
State Univ. Ghent and Inst. Mar. Scient. Res., Bredene, Belgium. Vol. 1 (798 pp) 

7 



\!\I L I : \ .., - ( . ....__ ' 
\.. L. -"'- L '-- · L 

__ / 

G3ODTDRK
Text Box
Enclosure 1

G3ODTDRK
Text Box



5 0 49 4 8 4 7 48 

48 45 

45 44 42 41 40 39 38 J7 ea 87 es 

.. _______ ,... __ _, ____ , _______ , ___ , .. ___ ~ ______ _.... __ _, __ __., 

--J----1----+---J----jf--- - --- -- --· ---+----.----•I'&! 

44 
0 
0 
+ 

0 
..... 

0 

"' + ., 

--- . ---1---t-----m: 
c 

... . -- .. - ---·-··------------·' 

G3ODTDRK
Text Box
Enclosure 2

G3ODTDRK
Text Box



s 0 L! :.'~ LL l.~ U l \!L / \ 1· -
-~ 

·-
:u 27 211 21 24 aa 22 11 IO 11 11 17 11 19 14 U r 311 35 34 33 S2 S1 10 21 

~-+-~t~-t-~-t---t---t-~-t-~1~-t-~t--t~-t-~t-- -+~-t---l----t-~1--t~-t-~t--t~-t-~t---t-~-t--~~-+-~·I---+~ 

0 0 
0 0 
+ + 

0 CD ., 
0 

..... ,.. 
+ 

CD 
N 

35 35 34 33 

---· -·--·-- , --"'' 

G3ODTDRK
Text Box
Enclosure 3

G3ODTDRK
Text Box



CHEMICALJBIOASSA Y/ 1989 l'le9 1989 
COSVEN1lONALS SL BT ML 

/Ylr_ .1u _.., (llllm nrv w1.l): 

Antimony 20 146 200 
Arsc:nic S1 S01.I 700 
Cadmium 0."6 9.& 
Cooner 81 810 
l..<ad 6' 6'0 
Mm:urv 0.21 l.S 2.1 
Nickel 140 I 022 
7..inc 160 1600 

ORGANIC Cl 1£M. '""" drv wttl: 
Naphth•kn< 210 2.100 
Accnaph:hv'<n~- '4 "'° Aunaohlhtne 63 630 
FluorC"oc '4 '40 
Phc:nan1hrc:~ 320 3200 
Anthraccnc 130 1300 
2-Mt'thvtnaohihaJcnc 67 670 
Taul LPAH 610 &.100 
Flooranthenc 630 4600 &.JOO 
Pvrcne 430 7300 
l.kn1.o< a \anthra~nc 450 4SOO 
Chrvscnc 670 &.700 
lknzotlooranthcnea 800 8.000 
Bcnzo{alovrcn< 680 4.964 6.800 
lndcnol 1.2.J-<,d•n..-cne 69 S200 
Oibc:nzol a.h )anlhraccne 120 1200 
Bcniol .,h,ilocnlkn< 540 s 400 
Total liPAH 1800 SIOOO 
1,Z.4-Trichlorobc:nune 6.4 '4 
Huacblorob<nune 23 1'8 230 
4-Melhv1ohcnol 120 1200 
2-4·Dimcthvlohenol 10 so 
Dihenro! ul'lln S4 540 
To1a1om· 6.9 so 69 
Aldrin 10 37 
Hcouchlor 10 J7 

Toiall'CB .. 130 J8 z.soo 
HllJA.-,..·"' i.> 

Amohinnd 1% mortalitvl 
Echinoderm (% mortalitvl 
Neantbci (~ mortality) 
Microtox CN • non10:.:ic) 

1~r JIMC.NJ _ .__.., •~1iillUNAl-."'a 

Toul Solids 
Total Vola1ile Solids 
T'OC 
Ammonia 
Total Sulfides 

GRAIN SIZE 
Gravd 
Sand 
Sill 
aav 

l '"""l~J/tl\tl..(~) 

Cl IEMICAL I Cl I BIOASSA Y 181 
u:.vc.nu; m=Max1mum Lew:I; H•I K>accumu auon 1ngger; 
• Double Hit (Bk>aosay) F&ilin; • • Single Hit Fail~; 
BPJ•lleat ProlcuionalJudgemeot; R-3(4) •Round 3(4)Tatlng; 
U (CJ Unsuitable for UCOWD witboul biological 1<:1ting; 
CJ, C1, ClS, SIJ <SI.. (PUI (Cbcmi>try), not abovm) 

ROUND 1 TESTING 
Cl C2 C4 cs ~ C8 C9 CIO 

Cl.23 
ISO 

1.lOOOM 6100M 4300M 25-00M S700M SOOOM 

8.1 9.8 

63,78 &2 

SlO 

OA/61 QA/51 OA/S7 
QA/96.7 QNSS.7 QA/418 

14 12 4 
N N N 

&7.S 70.2 S&I Sl.2 SJ.9 S2 S(4 S?.J 
7.4 1&8 &8 7.S 6.4 6.9 ' 7.J 

0.03 10.8 H7 2.84 2..SS 2..17 2..IS 2..77 
56 92 290 120 46 SJ 100 120 

820 'lea 2200 'lea 830 9$0 800 aso 

42.7 36.6 O.J 0.4 Q.2 0.6 
43.6 40.8 24.3 7 7.4 2.4 Ill ).9 
14.6 1&7 59.9 83.1 80.1 'JO.I 73.3 83.J 
2.J 4 IS.S 9.S 12..2 10.) 13 Ill 

PICl PtCl R-3 P(C) R-3 R·3 FIC\ P(C\ 

Sequim B Sequim B Sequim B 
Cit Cl? S6 S7 S8 S9 SIO S700-04 ~ &200-<M Refl Rcf2 Ref J Con1rol 

I 1.4 1.8 l8 LI l4 3.S 1.4 
260 

120 190 
0.82 1.2 1.98 O.S2 l.S O.S4 2.JBM 4.3 BM 

8300M 3000M 240 

990 
100 
400 450 
340 480 

1400 1200 
)40 .)()C) 

190 
)660 2553 

1400 1400 
480 670 

830 
940 

ISO 110 

3710 077 
32 
51 

260 2900M 130 

260 230 
10.2 1"2 14.6 33.4 12.181¥ 41.4 

210 

QA/SI QA/SI QA/SI QA/97 QA/27 OA/6' QA/63 4 
QA/'4.2 QA/25.2 OA/Sl.9 OA/99.2 OA/~3 QA/46.S OA/81.4 0 

4 6 4 100'' 10 2 4 2 
N N N N N N N N 

52..J Sl.S '4.6 49.6 48.J 63.1 46.4 so lll S?.9 so 7U SI 
6.S S.8 7.S 9.4 10.9 S.2 7.7 9.3 7.7 6.9 -2..27 1.93 3.32 4.54 S.62 3.16 3.06 4.25 0.02? J.8 
96 32 63 120 130 SS 91 370 1100 234 

ISOO 1400 S40 1100 S20 S-00 sso 1700 2000 1400 

0.2 0.2 1.9 13.9 0.4 0.) 0.4 6.8 2.1 6.6 1.6 1.6 0.6 
3.4 3.6 46.8 17.1 &4 52.S s J8 27.7 32 Sl.4 79.S ?7.9 

87.7 as.2 29.8 H .7 S4 2&2 '4 30 46.8 41.7 28 9.1 SU 
&9 II 21.S 21.3 2&9 19 J0.6 24.6 23.4 19.8 19.9 9.8 17.S 

P(C) R-3 R-3 R-3 U(C) R-4 R-4 FIBI F(C) PIC\ 
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ClteMICALJOIOASSA Y/ 1989 1989 1989 
CONVENTIONAl..S SL BT ML 

""11.,. J /\l-") (ppm ary w11): 

An1imonv 20 146 200 
Ancnic S7 507.t 700 
Cadmium 0.96 9.6 
CoOMr 81 810 
Lead 66 660 
Mm:urv Q.21 t.S 2.1 
Nickol 140 1,022 
Zinc 160 1,600 

ORGANIC CHEM. /nob drv w~l: 

Naobthaknc 210 2.100 
A<enaphthyfenc 64 640 
Acenapbthenc 6l 630 
fluorcnc 64 640 
Phcnanlhrene 320 3,200 
Anlhra.une 130 t,300 
2-Mctbyfnaphtbalcnc "' 670 
To<J>ll.PAH ~ ">< '19; &.100 
Fluor.inlhcne 630 4600 &.300 
Pvrcnc 4JO 7300 
tkru;ola)anthraunc 4SO 4,SOO 
a.rv.cnc ,70 &.700 
lkruolluonnlhcncs 800 8,000 
lknzo(alnvrenc 680 4964 "800 
lndcno( 1.2.3-c.d ,,,....ne 69 S,200 
Oibcruola.h)anlhracc:nc 120 1,200 
lknzot.b,ilncrv1cnc S40 S,400 
TotalHPAH I ... .... SIOOO 
1.2. 4-Trichlorobcru<nc 6.4 64 
Hcxachlorobcnunc 23 168 230 
4-Mcthylphcnol 120 t.200 
2·4-Dimethvlohcnol 10 so 
OibcnzoCuran S4 S40 
Total DDT 6.9 50 69 
Aldrin 10 37 
Hcot..,hlor 10 37 

TOOi! PCB's 130 38 2.SOO 
lnlV""'°" n 

Amohinod l'.11> monalitvl 
&binodcrm 1% mortalitvl 
Neanlhct I% mortalitvl 
Microlo• (N • nontoxic) 

'"' Lt.JNvc.,., .ll.11,rt..L..:"l. 

Total Solid• 
Total Volatile Solids 
TOC 
Ammonia 
Total Sulfidn 

GRAIN SIZE 
Gravel 
Sand 
Silt 
Oav 

•n.>.>\I')/ "All.(t) 

CHEMICAL ICl I BIO ASSAY 181 
l..J:A.JC.NU: M~Maxtmum LCVCI; D•t: M>a<:CUmU luus1 J OJ er; 
• Double Hit {Bio&uay) Pailutt; •• Single Hit Pailutt; 
BPJ•Bctt Profct1ional Judgement; R·l •Round 3 TCll!ng; 
U (C) Un.uitablc Cot UCOWD without biologie&l tc.Ung; 
Cl, C7, CIS, Sil< SL(Pa" (Cbcmislly). not thown) 

ROUN02TES!lNG 
Ctl Ct4 St S2 Sl S4 

110 
220 

1.2 
130 
110 

0.654 0.76 O.S8 0.71 
S20 

240 
330 
640 
140 

71 
IS27 

480 800 

20S3 
8.4 7.S It 12 12 

3S 
240 61 

12.1 8.4 12.6 ll.6 
2l IS 

2S l2 13 32 

l7 2S 30 )3 34 47" 
26.S 21.S 32.2 19.7 33.S 2S.S 

20 38•• 18 6 24 24 
N N N N N N 

82.8 77.6 S4 48.8 64 67.7 
2.1 3.6 4.9 1.7 9.4 6.S 

0.66 l.71 S.8S 8 9.1 9.51 
19 37 ISO 92 J'/0 86 
2S 22 740 3100 '50 230 

2.4 l9 1.2 0.6 9.4 11.3 
J0.3 3).7 19.S 42.8 38.3 36.S 
3S.3 3S.4 62.S 47.9 38.3 4/J.1 

32 29 17 10.S 14 12.4 

PIBl PIBl PIBl PIBl PIBl PIBI 

Sami•h Samish ROUND 3 (ROUND 1 BIOASSA Y RIITEST) Jetty I. J<ttyl. 
S5 Sil Sl2 St4 Control RefS ReC 10 C4 C6 C8 Cl2 S6 S7 Rer t Rer2 Contto 

1.) 1.3 I.) 1.2 1 u 

0.86 I.I 1.1 0.632 Q.2) 0.82 1.2 

190 2SOOM 3000M 

220 

260 
300 

1100 
320 180 
160 

™° 
2200 1300 
2SOO 780 1700 
1000 750 
7SO 1400 

860 

160 
86 

7342 2019 61SJ 
9.8 

2SO 

200 SS 
17.S 2&7 17.1 2&4 8.? 10.Z 16.2 

16 

3S7 193 

32 32 30 29 4 QA/38 OA/32 20 16 13 11 21 16 12 7 
3H S&.3 .. 37.4 30 0 QAf.lO. I QA/31.) 68.r• 23.8 19.9 za.2· IS 23• 7.2 OA/U.1 

0 4 8 4 4 0 2 
N N N N N N N 

so 49.8 49 ss.s 32 JO 56.6 S2.7 S2.1 St.9 47.t 47 S7.3 
u 10.4 6.9 7.9 8.76 JU 2.7 

8.8 8.42 7.17 11.8 1.7 l l.Sl 

110 290 200 120 8'!0 700 170 110 89 SS 83 140 66 86 
650 140 620 )20 18 13 !JO 17 u l.4 960 110 18 41 

12.4 1.8 7.3 "' 0.9 0.3 
20.7 34.S 1a• 44.1 S.8 12.4 49.8 61.9 
S4.I S3 S6.S 2&2 82.4 76.7 37.6 17.4 

7.7 12 18 19 12.0 11.0 11.S 10.7 
DU 

PIBI PIBl PIBl PIBI P(B) P IBl P(B) PIBI PIBl PIBI 
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CHEMICAUBIOASSA Y/ 1969 1989 1989 
CONVEl<nONAL'i SL BT ML 

I Mt'. 11'1.I ~ Dfllrr!UfYW2l); 

Antimon• 20 146 200 
Anenic S7 S07.I 700 
Cadmium 0.% 9.6 
Conotr 81 810 

Lead 66 660 
Mercurv 0.21 l.S 2.1 
Nickd 140 1022 
Zfoc 160 1600 

ORGANIC CHEM. loo!> dJY wnl: 
Naobtbalcne 210 2.100 
ACC1laohthvtMv 64 640 
Accnaohthcnc 63 6JO 
AIJ<>tt"ne 64 640 
Phcnan1hn:nc 3?0 3200 
Anthl"llUflc 130 1300 
2·Mcthvinaphthaknc 67 610 
Total LPAll 610 0.100 
Fluoranthcnc &.10 4600 &.300 

""""nc 430 7300 
B<nzol a \antbrounc 450 soo 
Ch~• 610 700 
Bt-nz.ofluon.nlhcnet 800 000 
Bcnrola'-~ 680 4964 I 800 
ln<lcnoll.ll-c.d'-nc 69 S200 
Dibcrw>ia.h)anthraccnc 120 1200 
Benz.oh hJ\.,..nllcnc 540 s "°° 
TotalHPAH 1800 SI 000 
1.2.4-Trich~nunc &.4 64 
Hcuchlorob<nzcnc ll 168 230 
4-Mcth"'nhcnol 120 1200 
:Z..4-Dim<thvlohcool 10 so 
Dibcnzof uran S4 S40 
TO(aJ DDT '9 so 69 
Aldrin 10 37 
Hcou.chlor 10 37 

To<al PCB'• 130 )8 2.SOO 
H lln'!o.."-"lol"Lf:> 

Amohinnd '" morulitv\ 
Echinoderm'" morulitv\ 

Ncantha '" morulitv\ 
Microtol (N • nonto.ric\ 

"!or:, JlllVH •.NJ LlJ1l'IV
0

t:..f'l' lll1r<1 A.1.'.ll. 

TouJSolid1 
TO(al Volatile Solidt 
TOC 
Ammonia 
T.,.at Su1r.i .. 

GRAIN SIZE 
Gravcl 
San<I 
Silt 
Clav 

Wl'-3.>(rJ/r"'"'(~J 
CHEMICAL IC\ I BIOASSA Y 181 
Lhlih.NU: M•Ma.umum l..cYcl; H•I ioaocumu .auon·1n er, 
• Double Hit (Bioaaaay) failure;•• Single Hit Failure; 
BPJ• Bat ProlculonalJudgement; R-3(4) • Roun<l 3(4) Tesdng; 
U (C) Unaultablc roe UCOWD without biologkal tatlng; 
Cl, C7, CtS, St3 < SL {P- (<l>emiatry), not abown) 

KUUNU 4 (KOUnd I l.:bcmostrytor :,~" :.IUJ 
Jelly L 

S9 SlO Cl8 RcC Control 

1.8 I. I 

0.52 l.S 0,27 

S7"' 48' 46' 21 s 
21.1' 20.4' S.9 S.4 0 

2 4 l 4 2 
N N N N 

S2. I 44.l 76.6 
7.S9 8.45 2.49 

S.2 7.7 0.77 
11 56 S.6 
92 810 420 

0.3 0.4 IS.S 
Sl.S s '5 
28.l 64 11.6 

19 36.6 7.4 

PIBl Pill\ P<B\ 
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CHEMICAL 

ORGANIC CHEM. (ppb dry wgt): 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
2 Melhylphenol 
2-4-Dimelhylphenol 
Penlachlorophenol 
Bcnzyl Alcohol 
Bcnzoic Acid 
N-nilrosodiphcnylamine 
Total DDT 

LEGENU: 
u = undetected at concentration specified 

1989 1989 1989 
SL BT ML 

6.4 64 
29 212 290 
10 72 
10 50 

100 504 690 
10 73 

216 690 
22 161 220 
6.9 50 69 

CHEMICALS EXCEEDING SL DUE TO LIMITS OF DETECTION 
C6 S8 S9 SIO Sll 5700-04 6000-04 6200-04 C18 

6.6 u 7.5 u 9.1 u 8.8u 8.3 u 
30 u 30 u 30u 44u 

13u 
13 u . 

130u 
13 u 11 u 

220u 
26u 

9.9 u 12 u 
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BIOASSAY DECISION MATRIX FOi ,.ELLINGHAM MAINTENANCE DRED .;iG TESTING DATA 

SAMPLE 
ID 

C4 

C6 

C8 

C12 

S6 

S7 

-5700-04• 
C13 

C14. ·{ 

Sl 

S2 

S3 

S4 

SS 

Sll 

S12 

S14 

,• 
S9 

SlO 

C18 

LEGENI>. 

BELLINGHAM MAINTENANCE DREDGING 
NONDISPERSIVE SITE BIOASSA Y SUMMARY 

ROUND AMPHIPOD ECHINODERM NEANTIIES MICROTOX 

1/3 p (P*) p p 

1/3 p CIP p p 

1/3 p CIP p p 

1/3 p I :i .' · · . :,., :-~--~t'.f·•· ·<{!% -~~ . ·; :·::- ·: p p 

1/3 p CIP p p 

1/3 p . , · · :::.,;:=:~,f,'t':i~'''A::t' p p 

1 QNQC QN QC : :::[::~::· ·::: . 'f!~-..::lf·l · ·' p 

2 C/P CIP p p 

2 CIP CIP 
: :-:":':·.·.:·,:,:•::-:·::::···~ 

.• /)t(,l', p 

2 CIP CIP p p 

2 CIP p p p 

2 CIP CIP p p 

2 ,:'?w·;:>;: tt· :. CIP p p 

2 CIP CIP p p 

2 CIP .. :: \ .:,,.,:> '\\, p p 

2 CIP CIP p p 

2 CIP CIP p p 

4 ::::-:
1
. F** ·.:_;.,., ::;:. 

.. ::: : , .. :;,,;::.:::::~::,:::,,,, '';~>, . F* ,/:,{ p p 

4 
:( ,: -:: ... 

·,::::.F• : ':< .. << . .. · ... ·:· ,.}(\ 
. ,, p•,_ ?°' : :\? p p 

4 ·:··.:,, ... '.' F\ ._.::,_,, .. }" p p p 

UCOWD • UNCONF!N£D OPEN-WATER DISPOSAL 

UCOWD 
NONDISPERSIVE 

PASS/FAIL 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

p • TEST SEDIMENT < 20 PERC!!NT' ABSOLlTrn OVER CONTROL (SE.DIME.NT JS EA WATER); BIOASSA y p ASSES PSDDA NONDISPERS!VE DISPOSAL srra OOl!RPRET A110N 
GU!DEUNES FOR. UNCOWD. 

C/P • TEST SED!MENI" > 20 PERCENT ABSOUJra OVER CO!ml.OL (SE.DIME.NT/SEAWATER)+< JO PERCEmOVE.R REPERENCEAND NOf SI'ATISnCALLY DIFFERENT' FROM 
REPERENCB (t·T .... p>.OS). 

F' • OOUBl..E. HIT(> 20 PERCE."IT ABSOL-lTrn OVER CONTROL+ < JO PERCENT OVER. REFER.ENCE+ SI'ATISilCALL Y SIGNlFICANT PROM REPERENCE (t·Teo<. p<.OS)). 
1'WO OOUBl..E. HITS • UCOWO PAlLURP.. 

f" • • SING1..E. HIT FAJLURE (> 20 PERCENT ABSOLlTrn OVER CONTROL+ > JO PERC!!NT' OVER REFERENCE AND SI'ATISilCALL Y SIGNIFICANT PROM REFERENCE). 

(F .. ) • SINGLE HIT FAILURE HJGHLY CORRELATED wrrn SE.DIME."'1 AMMONIA TOXICITY. BIOASSA Y RESULT SET ASIDE FOR REGULATORY DECISION MAKING (BPJ). 
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BIOASSAY DECISIO.l\ A TRIX FOR BELLINGHAM MAINTEl _-iCE DREDGING TESTING DATA 

BELLINGHAM MAINTENANCE DREDGING 
DISPERSIVE SITE BIOASSAY SUMMARY 

SAMPLE ROUND AMPHIPOD ECHINODERM NEANTHES 
ID 

C4 1/3 p (P*) p 

C6 1/3 p C/P p 

C8 1/3 p C/P p 

C12 1/3 p F .. 
·,: 

p 

S6 1/3 p C/P p 

Si , ::\ 1/3 p \{\:: ... F*.,'"", ::.•·.=:~!::::,: p 
:·:. ::: :_F.•• :·~'"" 

5700-04 1 QNQC QNQC 
.: .... ... ; 

C13 2 CfP C/P p 

C14 2 CfP C/P ·. 
p• 

Sl 2 CfP C/P p 

S2 2 C/P p p 

S3 2 CfP C/P p 

54 2 p• .. : ... C/P p 

SS 2 CfP C/P p 

SU 2 CfP f•• p 

S12 2 CfP C/P p 

S14 2 CfP C/P p 

. S9 :·· 4 p• 
:, f•.• . .>'.;:·· p 

SlO 4 p•• >(··· . .... :::: 
p•• ·:·:' p 

C18 4 p• C/P p 

~ 
UCOV.l> • lJNCONPINED OPEN-WATER DISPOSAL 

UCOWD 
DISPERSIVE 

PASS/FAIL 

PASS 

PASS 

PASS 

FAIL :.,,,.,.,,. 

PASS 

PASS 

FAIL . g:.·· 

PASS 

PASS 

PASS 
:·.:•. . _., 

FAIL\ · •>= 

PASS 

FAIL ·· 

PASS 

PASS 

FAIL 

p - TEST SEDIMENI' < 20 PERCBHT ABSOwra OVER CO~OL (SEDIMl!Hl'/Sl!A WATER); BIOASSA y p ASSES PSODA DISPl!RSIVE DISPOSAL srra ll'<l"ERPIU!T A TI ON 
GUIDEUNES FOR llNCOWD. 

CIP • TI!ST SEDIMENT > 20 PERCru.7 ABSOwra OVER CO~OL (Sl!.DIMENT/Sl!A WATER) + > 10 PERCBHT (LS" FOR ECHINODERM) OVER IU!Pl!JlENC2 AND NOT 
STA TISTICAU.. Y Dll'l'ER.ENT FROM R.l!.FERENC2 (t·TCll(. p> .OS). 

I'" • DOUBLE! HIT(> 20 PE!RCBHT ABSOLlJTE! OVER CO~OL + < 10 PERCE!NI' (LS" FOR llCHJNOOERM) OVER R.E!l'ERENC2 + STATISTICAIL Y SIGN1FlCANT FROM 
REFERl!NC2 (t-Tml. p<.OS)) 1WO DOUBLE! HITS • UCOWD PAlLURI!. 

I'"' • SINGLE! HIT FAlLUR.E! (> 20 Pl!.RCEllrT A.BSOUJI'I!. OVER CO~OL + > 10 PERCBHT (LS" FOR E!CHINODERM) OVER REl'ERENCI!. ANO STATISTICALLY 
SIGNlFlCANT' FROM REFERl!.NC2). 

(I'"') • SINGLE! HIT FAILURE HIGHLY COAA.EU.TED WITH SEDIMEHT AMMONIA TOXICITY. BIOASSA Y RESllLT SET ASIDE! FOR R.EGllLATORY Dl!CISION MAICING 
(BPJ). 
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. 

SAMPLBID 

SQUAUOJW Clll!JlX WATEllWAY 

., .; 

CJ (SURFACE) 

C4 (SUBSURFACE) 

CS (SURPACS) ·<lt'. 
C6 (SURFACE) 

C7 (SURPACE) 

C8 (SURFACE) 

C.•A (S';;;-..,;,;:,A···C..;); ·.;.;;;;.,.,,.,.;.· .. 
IV lJD.3UJU" C >;:::::::: ::;:; .. 

CU °(SURFACE) 

CU (SURPACE) 

I A J S'IllEBf WA'Il!RWAY 

SI (SURFACE) 

S2 (SURFACE) 

SJ (SURFACE) 

S4 (SURPACE) 

SS (SURF ACE!) 

S6 (SURFACE) 

S7 (SUR.I' ACE) 

sac~RFA~ : ./\: 
... ; ... ,. ) \ ·· 

S9 (sURF ACE) 

> S!.O (Sti-R.FACE) ){ 

Sil (SURFACE) =.-:·::. 

SU (SURFACE) 

SU (SURFACE) 

S14 (SURFACE!) 

CU (SUBSURFACE!) 

Cl-4 (SvesURF~O!) · .. (:. } 

ClS (SUBSURFACE) 

C18 (SURFACs) ·'::.._ 

'IUI'~ TESIBD/P AILBD 

4,000 

4,000 

4,000 

1.235 

22.067 

11,820 

21.060 

9."2 

12.689 

14,68$ 

U,073 (9,000)1 

22.076 

6,27.3 

24,000 

19.574 

3,418 

3,418 

3.418 

3,418 

3,418 

3,418 

3,418 

3,358 

S,483 

S,226 

4,253 

3,768 

3,672 

3,672 

9,618 

6,413 

16,09S 

1.m 

?99,US/137,1>46 

COill'S I P08 

POB 

POB 1 19 

POB 14 

CORPS 1 

CORPS 

POB 0 

POB 1/3 

CORPS 2 

CORPS 1/3 

CORPS 0 

CORPS 1/3 2 

CORPS 

CORPS 2 

CORPS 

CORPS 1/3 

CORPS 2 ' 
CORPS 2 17 

CORPS 2 

CORPS 2 

CORPS 2 

CORPS 1/3 

CORPS 1/3 

CORPS 

CORPS 114 2 

CORPS 114 2 

POB 2 21 

POB 2 

POB 2 0 

POB 2 11 

CORPS 2 

POB 2 

POB 2 0 

POB 

1 

~ 
(P ASSt1' AIL) 

DISl1!RSIVR 
(PASS/PAIL) 

PASS (C) 

PASS (B) PASS (B) 

PASS(B) PASS (B) 

PASS (C) PAS.$ (C) 

PASS (B) PAS.$ (8) 

PASS (B) PASS (B) 

PASS (B) PAS.5 (B) 

PASS (B) PASS(B) 

PASS (B) 

PASS (8) PAS.5 (B) 

PASS (8) PASS (Bl 

PASS (B) 

.( F_Af{(B) : .f" 

PASS (B) PAS.$ (8) 

PAS.$ (C) 

PAS.5 (B) PAS.5 (8) 

PAS.5 (B) PAS.5 (8) 

PASS (C) PASS (C) 

PASS (B) 

14133PAll.. 18133 PAll.. 

1 Volume ooted in parmtbesil ii""'"""' ~g auboutfaoe aample ClO, 'IWbicb ...ul be left ia place and DOt dredged. RanaiDder ol mar.crial (4,073 ")ii IUitable Cor dredging. 

2 &i:ecdcd metCUty bioe<x:umulation trigg« (-=ry BT • 1.S ppm): ~wation iot DOt performed. dnxlgcd mar.crial ~t unit tb<rdcxe oo< ouitable Cor uocoaGocd 
~ diopooal (UCOWD). 

LEGE~Th 
DMMU • DREDGED MATERIAL MAflAOEMENT UNIT POB • PORT OP BELI.INOHAM 
PASS (8) •PASSES B!OASSA Y DISPOSAL OUIDEUNES PAJL (8) •PAILS B!OASSA Y DISPOSAL OUIDEUNl!S 
PASS (C) • PASSES CHEM!St1lY DISPOSAL GUIDELINES (AU. COC < SL) 
F AlL (C) • F AlLS CHEMISTRY DISPOSAL GUIDELINES (i.e., >I~ ML; or great.« thao 2 =-l1ooa ML) 
NS - NOT SUITABLE! POR UCOWD wrrnotrr BIOLOGICAL TES"TINO 
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Surmary Decision Matrix of Tested Bellingham Dredged Material for Unconfi ned Openwattr Disposal at Bellingha111 Mondispersive1 
Disposal Site. 

PEDER.AL (CORPS) PORT OP Bl!U.INOHAM TOTALS: 

WATERWAY 
¥C)jwzie {cy) ¥Qjume {cy) ~{cy) ...,.._ (cy) Total t.<111.Cd ¥Qjume {cy) ""*- (cy) perccnl('.\) 

auitablc .....Uble euicable uoauilable "Cll.llDC {cy) euitablc IDIUitable ......ilablc 

Wbat<om CZeet W 1t.crny NOTBST NOTl!ST 0 12.000 12.000 0 12.000 100 

Squ.alicum CZeet W1iawwy 61.021 100..m 31..880 0 aul.4 '3,901 100,JU SU 

1.tJ~w........, ~ 14.°'7 34.04 10."' 92,911 '8,171 24,733 2U 

GRANO TOTALS: '4,S'5 114,.)81) '7.$14 22."' 2'9,12S 1'2.0?t U7,046 .s.a 
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APPENDIX!: BIOASSAY~JALITY ASSURANCE/QUALITY CC,, fROLPERFORMANCE 
SUMMARY, INCLUDING INTERPRETION ALTERNATIVES FOR ROUND 2 AMPHIPOD 
AND ECIIlNODERM SEDIMENT LARVAL BIOASSAYS. 

FACT'S BFARING ONINTERPREf ATION OFBIOASSAYS, ESPECIALLY AMPH1POD AND 
ECHINODERM SEDIMENT IARV AL BIOASSAYS: 

After reviewing chemistry data for the thirty-three analyses (dredged material management 
units) performed (see discussion in suitability memorandum), the PSDDA agencies determined that 
biological testing would be required for 20 dredged material management units (DMMU) before 
suitability decisions could be made on the material. Biological testing initially proceeded for 
seventeen DMMU and was separated into two sequential testing rounds. Initial preliminary chemistry 
results (where internal laboratory QA validation bad not been accomplished) for round 1 testing 
indicated the other three DMMU (S8, S9, SlO) exceeded or were equal to the bioaccumulation 
trigger for mercury (BT = 1.5 ppm), and the Corps decided initially not to conduct the necessary 
standard bioassays and bioaccumulation test for these DMMU. Subsequently, laboratory validation 
indicated that two of those DMMU (S9 and SlO) were actually less than the BT (i.e., must be greater 
than 1.5 ppm to exceed BT for mercury) and therefore not subject to the bioaccumulation testing 
requirement. These two DMNfU were resampled in April and underwent normal bioassay testing 
(round four) along with the Port of Bellingham berthing area DMMU (C18) to assess their suitability 
fo r unconfined open-water disposal. Problems were encountered during the running of bioassays for 
the initial two rounds of biological testing. Some of the sediments were subsequently resampled and 
retested (round three) to correct these problems. Details are included in the following discussion. 

Initial bioassay testing during round 1 indicated major QA/QC problems for both the amphipod 
and echinoderm larval bioassays due to reference area sediment performance failures. There were 
no quality assurance performance problems with either the Neanthes 10-day acute bioassay or the 
saline microtox bioassays. Examination of the anciJlary sediment conventional data and water quality 
data for ammonia and sulfides for the amphipod and echinoderm bioassays indicated that ammonia 
and sulfide concentrations likely contnbuted heavily to mortalities observed in both the test sediments 
and the associated reference area sediments (No problems were observed with either the Neanthes 
or microtox bioassay performance during either rounds 1, 2, 3 or 4 testing. Both of these bioassays 
appear to be relatively insensitive to ammonia, sulfide, and grain size effects). 

Round 1 reference sample performance (Sequim Bay) failures were observed in both the 
amphipod bioassay and echinoderm sediment larval bioassay. Subsequent analyses of sediment 
conventional and water quality data indicated both bioassays were correlated with bulk sulfides and 
bulk/dissolved ammonia (see enclosures 1-4). Normally, aeration of beakers for the sediment larval 
bioassay is not required unless dissolved oxygen levels drop below 5 ppm (mg/kg), and therefore no 
aeration occurred during round 1 testing. It was suspected, however, that aeration might help to 
ameliorate the effects of sediment sulfides and ammonia toxicity during the running of the round 2 
bioassays. Therefore, the Dredged Material Management Office, in consultation with the PSDDA 
agency technical representatives and after discussions with Mr. Tim Thompson (Parametix), directed 
the bioassay testing lab (Parametrix) to aerate the round 2 echinoderm bioassay in an attempt to drive 
off bulk sulfides and reduce the toxicity of ammonia. Additiona!Jy, it was decided to run Samish Bay 
reference material in lieu of Sequim Bay, due to the latter's poor performance in round 1. 
Unfortunately, during the round 2 testing, the Samish Bay reference samples still failed to meet 
PSDDA reference performance limits of less than or equal to 20 percent mortality relative to control 
(sediment/seawater) in both the amphipod and echinoderm bioassays, although the comparative test 
sediment mortality responses appeared to be much better than round 1 (see enclosures 1-4). 

1 



Examination of the levels of dissolved ammonia measured at the begining and end of each bioassay 
(amphipod and echinoderm) were comparably lower in round 2 than round 1 relative to bulk 
ammonia concentrations measured in sediments tested (see enclosures 5-8). Significant regression 
lines fitted to the scatter plots demonstrated the magnitude of differences (i.e., differences in 
regression lines (slopes)) between the initial and final dissolved ammonia test beaker measurements 
between rounds. 

Round 1 amphipod and echinoderm test results were judged by the regulatory agencies as 
having failed acceptable QNQC requirements and these two bioassay tests would have to be 
repeated. This subsequently required remobilizing and sediment resampling due to holding time 
expiration of round 1 sediments for bioassays. Round 3 retesting of the round 1 material using Jetty 
Island reference sediments finally met the reference sediment performance criteria for both the 
amphipod and echinoderm bioassays, although a second within-batch reference sample for the Blair 
Waterway characterization (also included with the Bellingham samples) failed the performance limits 
for the echinoderm bioassay (see enclosures 9-10). It should be noted that results of the second and 
third bioassay runs compared to round l, appear to support the conclusion that aeration reduced but 
did not eliminate ammonia toxicity (see enclosure 12, lower figure), although the aeration also 
ameliorated or eliminated the sulfide problems previously noted in round 1 (see enclosure 3). The 
combined display of echinderm mortality relative to dissolved ammonia (@ 48 hours) for all three 
testing rounds suggests that there was an effect due to aeration, but that it may be due to ~he 
reductions in the combined influences of both ammonia and sulfide. Comparative mortalities in both 
echinoderm and amphipod bioassays were markedly lower between the two testing rounds (1 and 3) 
and the explanation for the mortality reduction for the amphipod bioassay is unclear at this time (see 
enclosure 9). Examining the bulk ammonia versus echinoderm mortality responses between the three 
testing rounds (see enclosures 1 and 10, and upper figure of enclosure 12) indicated that there were 
substantial differences in the regression slopes, whereas the slopes were essentially the same for each 
round for dissolved ammonia versus mortality (enclosures 2 and 10, and lower figure of enclosure 12). 
No explanation is readily apparent to discern why the regression slopes for dissolved ammonia versus 
bulk ammonia were higher in round 3 than round 1 (see enclosure 11). Collectively, data for all three 
bioassay rounds strongly implicate ammonia as an important contributing factor to observed 
echinoderm and possibly amphipod bioassay mortalities. It also indicates that ammonia effects are 
persistent for the echinoderm bioassay, and that this test species (Dendraster excentricus) is very 
sensitive to relatively low dissolved ammonia levels, as demonstrated by the three rounds of testing 
data (lower figure enclosure 12). 

Interpreting the round 2 amphipod and echinoderm sediment larval bioassay test sediment 
results were problematic given the two reference sample performance failures, which may have been 
in part a consequence of the poorly matched grain sizes of the test and reference sediments (see 
enclosure 4). The following options for interpreting the amphipod and echinoderm test sediment 
results for round 2 are discussed below. 

ALTERNATIVES: 

1. Set aside both amphipod and echinoderm results and make re~latory decision on Neanthes and 
Microtox results only. 

2. Retest the two bioassays. 

3. Relax reference sample performance stand.ards using best professional jud2ement. 
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4. Use round 3 reference data to interpret round 2 results. 

5. Establish a generic reference sample response/administrative default (i.e., pool data from Samish 
Bay and Jetty Island Reference samples, where aeration was utilized to establish an average 
response). 

DISCUSSION OF ROUND 2 INTERPRETATION ALTERNATIVF.S: 

Alternative 1 does not appear to be an acceptable alternative to the PSDDA regulatory 
agencies. The PSDDA agencies collectively did not feel comfortable making a suitability decision 
utilizing only the remaining two bioassay results. The consensus was that the amphipod and 
echinoderm bioassay results were critical to the suitability decision matrix. 

Alternative 2 is not a reasonable alternative, because everything that could be done to address 
the round 1 problems was tried in order to make the test work, which included aerating the test 
beakers and collection and use of new reference samples (i.e., Samish Bay). The test sediment 
responses appear to be reasonable, and interpretation of the results is possible if the reference sample 
performance problem can be overcome. 

Alternative 3 is considered a reasonable approach given the problems currently being 
experienced with reference area performance. The MPR allows for exercising best professional 
judgement when reference sample performance is not met, and this alternative is certainly a viable 
option of dealing with the round 2 interpretation issue. 

Alternative 4 was considered, but the Jetty Island reference sediment conventionals (i.e., grain 
size, etc.) did not match the round 2 test sediments (see enclosure 13). However, one of the two 
round 3 reference samples achieved the performance guideline for the echinoderm sediment larval 
test, and both reference samples were successful for the amphipod bioassay (see enclosure 9). 

Grain size characteristics of the round 2 and round 3 reference sediments (Samish Bay and Jetty 
Island) effectively bracket the entire spectrum of grain sizes analyzed in round 2 testing (enclosure 
13). Percent fines for round 2 reference samples (i.e., 88% & 94%) were generally higher than round 
2 test sediments (i.e., 47% - 80% with a mean = 63% fines) , whereas the grain sizes for the round 
3 reference data (i.e., 49.1 % & 38.1 % fines) were coarser. Therefore, alternative 5 is the most viable 
alternative. Establishing a generic reference sediment by pooling the four reference sediment 
responses (where aeration was utilized) for the two bioassays provides an administrative reference 
sediment default that would enable a reasonable interpretation of the data to proceed. These data 
are depicted in enclosure 14, which shows that the average reference still exceeds the PSDDA 
reference sample performance limit of ~ than or equal to 20% over the seawater control (or 
control sediment for amphipod bioassay) for the echinoderm embryo bioassay (i.e., 23.9 % ), but meets 
the performance requirement for the amphipod bioassay (i.e., 18.25 % ). Exercising alternative 3 is 
therefore necessary to enable regulatory interpretation to proceed for the echinoderm sediment larval 
bioassay, thereby'relax:ing the reference sample performance limit using best professional judgement. 
Considering the variable response observed in both bioassays among the reference samples in round 
1 and 3 testing, the average response is reasonable and reflects the additive contributing influences 
of sediment conventionals. 

Additional corroborating evidence supporting this approach is provided in enclosure 13 for the 
amphipod reference data scatter plots for Samish Bay and Jetty Island, where a highly significant 
correlation coefficient (p<.01) was found between percent fines and percent mortalities. The 

3 



regression equation derived from this relationship for various percent fines predicts mortalities for 
the test sediments, would be bracketted by those observed for the four reference sediments (see 
enclosure 13), and predicts for example, that sediment grain size effects on the amphipod bioassay 
response could account for 23. 7 percent mortality given 70 percent fines in the reference sample, 
which is well within the grain size effects prediction range observed by Dewitt etal. (1988)1. Scatter 
plots of echinoderm mortality versus percent fines for the four reference samples from Samish Bay 
and Jetty Island failed to show any cliscemable pattern by comparison (enclosure 13). 

1 Dewitt, H. T, G. R. Ditsworth and R.C. Swartz. 1988. Effects of Natural Sediment Features 
on Survival of the Phoxocephalid Amphipod, Rhepoxynius abronius. Marine Environmental Research 
25: 99-124. 
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ECHINODERM MORTALITY 
VERSUS BULK AMMONIA 
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AMPHIPOD MORTALITY 
VERSUS PERCENT FINES 
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ADMINIS'TRATIVE DEFAULT REFERENCE FOR AMPHIPOD BIOASSAY 
ROUND 2 (BELLINGHAM MAINTENANCE DREDGING) 

SAMJSH BAY JETTY ISLAND MEAN 
REFERENCE REFERENCE REFERENCE 

REP.# REF5(R2) REF10(R2) REFl(BEL) REF2(BLAIR) POOLED 
DATA 
(N=20) 

1 15 10 5 10 

2 so 35 15 0 

3 50 50 15 15 

4 35 20 10 5 

5 40 45 15 5 

MEAN 38 32 12 7 22.25 

SD 14.40 16.81 4.47 5.70 17.13 

ADMINISTRATIVE DEFAULT REFERENCE FOR ECHINODERM EMBRYO BIOASSAY 
ROUND 2 (BELLINGHAM MAINTENANCE DREDGING) 

SAMISH BAY JETTY ISLAND MEAN 
REFERENCE REFERENCE REFERENCE 

REP.# REF5(R2) REF10(R2) REFl(BEL) REF2(BLAIR) POOLED 
DATA 
(N=20) 

1 29.8 38.1 14.1 18.4 

2 28.0 55.7 0 21.9 

3 40.4 38.1 12.3 31.0 

4 19.2 12.2 3.5 17.3 

5 33.1 12.2 9.9 41.9 

MEAN 30.1 31.3 8.0 26.1 23.86 

SD 7.72 18.82 5.99 10.34 14.48 
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