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Figure 6-3. Potential future land use at NAS North Island (from U.S. Navy 1991).
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6.2.4 Exposure Pathways and Conceptual Site Model

To screen for human health risk, Site 1 was arbitrarily divided into two areas. The first, collectively called the

intertidal area, include the two freshwater channels associated with outfalls 1,2 and 16, and intertidal stations

around in-bay outfalls 4, 5 and 6. The second called the subtidal area, include the remaining in-bay subtidal

outfall stations which remain underwater at mean lower low water. Intertidal and subtidal areas were separated

because of differences in potential exposure pathways. Sediments in the intertidal area are accessible during

some portion of the tidal cycle; subtidal sediments are nearly always underwater, and although evaluated, they

currently have no reasonable exposure pathways for humans. Intertidal and subtidal designations for in-bay

stations are listed in Table 1-4 (Section 1). Only sediment chemical data from surface grab samples (outfalls 3-8)

or the 0-1 ft subsurface cores (outfalls 1,2 and 16) were used in this health risk assessment. Exposures to

contaminated surface waters were considered negligible since significant partitioning of contaminants from

sediments into bay and/or ocean waters are unlikely. Data from past investigations were not used because the

data quality was unknown. Also, data from subsurface sediments collected below 1 ft were not used because no

reasonable exposure pathway exists.

The conceptual site model for human exposure is illustrated schematically in Figure 6-4.   The most significant

exposure pathway to humans is direct contact with contaminated intertidal sediments that are accessible during

at least part of the tidal cycle.  Population sectors most likely exposed to these sediments are base workers,

trespassers and military dependents. Although human consumption of contaminated seafood (e.g., via pier fishing)

is another potential pathway for human exposure, health risks associated with ingestion of biota were not addressed

here. This is reasonable since a surrogate organism (the bentnose clam) exposed to Site 1 sediments were shown

not to appreciably accumulate contaminants that could potentially biomagnify through the food web (Section 5.5).

Furthermore, a direct relationship cannot be established for consumed contaminated fish that are caught in the

vicinity of Site 1 and contaminated Site 1 sediments because of the mobility of recreational fish.

6.2.5 Cancer Risk and Non-Cancer Hazard

Cancer risk estimates were assessed using the lower of either 1998 USEPA or California PRG values for cancer.

Preliminary remediation goals exist for residential and industrial receptors. While industrial PRGs are most

appropriate for baseworkers,  conservative residential PRGs were used in this screening level risk assessment to

account for military dependents and unrestricted future use. These PRG values assume exposure pathways of

inadvertent ingestion, inhalation of particulates and dermal absorption over a 70-year exposure period. Complete

results are included in Volume II, Section Z. Cancer risks and non-cancerous hazards were calculated by dividing

the sediment concentration measured at a station by its corresponding risk or hazard PRG value for each chemical.

The overall station risk or hazard was calculated by summing the respective ratios of individual chemicals in

Table 6-4 as below:

Table 6-5 presents the summed cancer risk  and non-cancerous hazard index using 1998 USEPA and California

EPA residential PRGs for Site 1 and reference sediments. According to the USEPA, a cumulative lifetime cancer

risk of 10-6 (i.e., 1 in 1,000,000 people will develop cancer due to exposure to contaminants) or greater should
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trigger an evaluation of risk management options to limit human exposure. For example, these options include

posted warnings, making the site inaccessible, and site remediation.  The target cumulative hazard index used in

the risk-based PRG concentrations calculated for non-cancerous health effects is 1.0.  These values were used

in this assessment as conservative criteria to support environmental decisions regarding needs for either further

investigation, a full human health risk assessment, or remedial actions.  Values in the metals columns sum the

risk and hazard posed by those metals listed in Table 6-4. Values in the PAHs columns sum the risk and hazard

posed by the fourteen PAH compounds (including biphenyl) listed as semivolatile organics in Table 6-4. Phenol

and bis(ethylhexyl)phthalate are summed separately in Table 6-5.  Pesticide and PCBs values sum the risk and

hazard posed by pesticides listed in Table 6-4. The cancer risk value for all stations was less than 5 x 10-5, the

maximum value of 44 x 10-6 occurring at subtidal station 8-1, the maximum intertidal value of 16 x 10-6 occurring

at station 16-1.

Cancer risk values at nearly all stations were due to a combination of arsenic and a group of six PAHs out of the

fourteen examined. These six PAHs were benzo[a]anthracene, dibenzo[a,h]anthracene, benzo[b] and benzo[k]-

fluoranthene, indeno[1,2,3-cd]pyrene, and chrysene. Figures 6-5 and 6-6 depict total risk and its major components

at all stations, and at just the intertidal stations respectively. In these figures, the blue line represents the risk from

arsenic alone, the green line represents risk from arsenic plus risk from PAHs, and the red line represents the

total risk calculated from all chemicals in Table 6-4. The mean risk posed by arsenic in fine reference sediments,

coarse reference sediments and background North Island soils (NASNI 1995) is plotted for comparison. Reference

sediment concentrations of arsenic and calculated risk are relevant because North Island was primarily created

from bay dredge material.

The non-cancer hazard maximum value of 7 was found at intertidal station 16-2. Hazard values at all stations

were attributable primarily to metals. Figure 6-7 depicts the sequentially added hazard posed by the six most

important metal contaminants found at the outfall stations. The black dashed line represents total hazard from all

chemicals and is indistinguishable from the red line that represents hazard posed by summing metals alone.

Again, the summed metal hazard from the fine and coarse reference sediments and North Island background

soils is also plotted. The high background lead level in North Island soils is attributed to the long history of

aviation on the island. The roughly parallel lines of incremental hazard posed by metals across all outfall stations

are noteworthy because they suggest that North Island activities have not changed the relative abundance of

those metals which constitute the bulk of the hazard, particularly in the in-bay outfall stations. Table 6-6 lists

nine organ systems effected by the six most important metal contaminants contributing to the summed hazard

index.  Toxicity data for most metals were taken from ToxFAQs at the Agency for Toxic Substances and Disease

Registry website http://atsdr1.atsdr.cdc.gov:8080/tfacts13.html. Toxicity data for manganese were taken from

the EPA�s Technology Transfer Network website http://www.epa.gov/ttnuatw1/hlthef/manganes.html.  Lead,

the largest contributor, effects five systems. Many of the systems are impacted by at least three metals.  Figure 6-8

replots the summed hazard index of the six metals for the nine individual organ systems. The values for the five-

metal hazard index sum for the nervous system, six-metal index sum for the whole body, and the all-contaminant

index sum for the whole body at station 1-1 (1.67, 2.01, 2.03, respectively) and 16-2 (6.26, 6.86, 7.01, respectively)

are similar within each station. This similarity underscores the fact that, due to the general susceptibility of the

central nervous system to metal poisoning, partitioning contaminant hazard to specific organ systems does not

appreciably change the overall human hazard at these stations. The intertidal channels, intertidal in-bay stations,

and subtidal in-bay stations are reviewed separately below.

http://atsdr1.atsdr.cdc.gov:8080/tfacts13.html
http://www.epa.gov/ttnuatw1/hlthef/manganes.html
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Table 6-5.  Residential cancer risk and hazard values based on 1998 PRGs.

CANCER  RISK (X10-6)) NON-CANCER HAZARD
Phenol, PCBs, Phenol,   PCBs,

Station Metals PAHs Phthalate Pesticides Total Metals PAHs Phthalate   Pesticides Total

1-1 5.29 1.46 0.06 1.31 8.12 2.01 0 0 0.02 2.03
1-2 2.97 0.07 0 0.07 3.11 0.54 0 0 0 0.54
1-3 2.44 0.02 0.02 0.08 2.56 0.5 0 0 0 0.5
1-4 3.51 0.36 0 0.09 3.96 0.61 0 0 0.01 0.62
16-1 5.17 9.83 0.08 0.58 15.66 1.42 0.01 0 0.05 1.48
16-2 5.2 7.74 0.26 1.71 14.91 6.86 0 0 0.15 7.01
16-3 3.71 0.34 0.01 0.13 4.19 0.95 0 0 0.01 0.96
16-4 3.54 0.11 0.01 0.08 3.74 0.66 0 0 0 0.66
16-5 3.99 0.08 0 0.07 4.14 0.41 0 0 0 0.41
3-1 6.69 0.73 0 0.08 7.5 0.72 0 0 0 0.72
3-2 10.91 11.4 0 0.11 22.38 0.81 0 0 0.01 0.82
3-3 9.75 2.16 0 0.13 12.04 0.84 0 0 0.01 0.85
3-4 9.86 0.53 0 0.11 10.5 0.8 0 0 0.01 0.81
3-5 8.28 0.29 0 0.09 8.66 0.73 0 0 0 0.73
4-1 5.33 0.1 0 0.07 5.5 0.57 0 0 0 0.57
4-2 6.14 0.17 0 0.06 6.37 0.66 0 0 0 0.66
4-3 12.05 1.5 0 0.29 13.84 1.07 0 0 0.01 1.08
4-4 14.4 0.42 0 0.09 14.91 1.05 0 0 0.01 1.06
4-5 15.05 0.43 0 0.09 15.57 1.08 0 0 0.01 1.09
5-1 10.71 0.06 0 0.11 10.88 1.02 0 0 0.01 1.03
5-2 18.74 0.06 0.01 0.1 18.91 1.29 0 0 0.01 1.3
5-3 10.4 0.09 0 0.15 10.64 0.81 0 0 0.01 0.82
5-4 24.58 2.12 0.01 0.33 27.04 1.74 0 0 0.03 1.77
5-5 14.41 0.35 0 0.13 14.89 1.07 0 0 0.01 1.08
6-1 6.26 1.94 0.01 0.12 8.33 0.9 0 0 0.01 0.91
6-2 5.94 0.93 0 0.08 6.95 0.88 0 0 0.01 0.89
6-3 16.07 1.1 0 0.18 17.35 1.39 0 0 0.02 1.41
6-4 19.25 1.27 0 0.21 20.73 1.51 0 0 0.02 1.53
6-5 22.66 0.95 0 0.16 23.77 1.46 0 0 0.01 1.47
7-1 20.44 0.06 0 0.07 20.57 1.72 0 0 0 1.72
7-2 8.24 0.08 0 0.08 8.4 0.63 0 0 0 0.63
7-3 12.27 0.82 0.01 0.3 13.4 0.97 0 0 0.02 0.99
7-4 18.11 3.53 0.08 0.42 22.14 2 0 0 0.04 2.04
7-5 24.27 1.57 0.01 0.21 26.06 1.62 0 0 0.02 1.64
8-1 44.06 0.03 0 0.06 44.15 3.88 0 0 0 3.88
8-2 10.61 0.11 0 0.05 10.77 0.82 0 0 0 0.82
8-3 6.94 0.07 0 0.14 7.15 0.69 0 0 0.01 0.7
8-4 12.85 0.92 0 0.14 13.91 1.12 0 0 0.01 1.13
8-5 25.09 2.24 0.01 0.26 27.6 1.75 0 0 0.02 1.77
R-1 10.67 0.04 0 0.47 11.18 0.86 0 0 0.05 0.91
R-2 10.65 0.9 0 0.08 11.63 0.8 0 0 0.01 0.81
R-3 8.29 0.53 0 0.08 8.9 0.76 0 0 0 0.76
R-4 18.9 0.09 0 0.08 19.07 1.16 0 0 0.01 1.17
R-5 18.93 0.09 0.01 0.08 19.11 1.24 0 0 0.01 1.25
R-6 27.59 2.33 0.01 0.48 30.41 1.99 0 0 0.05 2.04
R-7 22.46 3.15 0.02 0.42 26.05 1.82 0 0 0.04 1.86
R-8 28.87 3.74 0.03 0.6 33.24 2.1 0 0 0.05 2.15
R-14 16.31 1.13 0.01 0.17 17.62 1.37 0 0 0.01 1.38
R-15 17.36 1.3 0.01 0.15 18.82 1.26 0 0 0.01 1.27
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6.2.6  Cancer Risks for Ocean Outfalls

6.2.6.1 Ocean Outfall 1,2

The highest cancer risk value for outfall 1,2 was 8.12 x 10-6 at station 1-1, primarily driven by arsenic (5.29 x 10-6

at station 1-1) and six summed PAHs (1.46 x 10-6 at station 1-1), best shown in Figure 6-6. Additional risk is posed

by the two DDD isomers measured. Concentrations of these contaminants tended to decrease from the outfall.

Figure 6-7 also shows metal concentrations falling quickly with distance from the outfall. The most important

metals at station 1-1, in terms of their hazard, were lead (0.85), cadmium (0.52), vanadium (0.16), barium (0.13),

arsenic (0.09), and manganese (0.07). The metals posed the most hazard to the central nervous system, and

secondarily to the kidney system.

6.2.6.2 Ocean Outfall 16

Outfall 16 posed the greatest cancer risk and non-cancer hazard of any accessible site in this study. The highest

cancer risk value for outfall 16 was 15.6 x 10-6 at station 16-1, driven primarily by six PAHs (9.83 x 10-6), arsenic

(5.2 x 10-6) and to a small degree by PCBs (0.58 x 10-6). The risk at station 16-2 was 14.91 x 10-6 and was due

to the same compounds. The impact of PCBs (1.71 x 10-6) was more important at station 16-2 than any other

outfall station. Risk quickly diminished away from these two stations. Hazard, dominated by metals, was relatively

low at station 16-1 (1.48) and highest at 16-2 (7.01). The order of hazard-contributing metals at 16-2 was lead

(3.59), cadmium (2.31), antimony (0.2), nickel (0.16) barium, (0.15) manganese, (0.12), and vanadium (0.1). The

hazard order of metals at 16-1, for comparison, was lead (0.49), cadmium (0.24), manganese (0.16), barium

(0.13), vanadium (0.12), arsenic (0.09), and nickel (0.07). The elevated rank of nickel at stations 16-2 relative to

sites 1-1 or 16-1, in conjunction with the high lead and cadmium values may indicate contamination from battery

waste at the site. Hazard values quickly diminish away from sites 16-1 and 16-2 as well. The metals posed the

most hazard to the central nervous system, and secondarily to the kidney system.

6.2.6.3 Intertidal Stations at In-Bay Outfalls 3-8

Outfall stations 4-1, 4-2, 5-1 and 6-1 were above water at mean lower low water tidal conditions and were

considered intertidal. Cancer risk was relatively low, highest at station 5-1 (10. 99 x 10-6) and dominated by

arsenic. Similarly the hazard value was low, highest again at 5-1 (1.03) and due to a metal mix similar to other

stations (Figure 6-7). The metals posed the most hazard to the central nervous system, and secondarily to the

respiratory system.

6.2.6.4 Subtidal Stations at In-Bay Outfalls 3-8

The remaining outfall stations are subtidal (i.e., below mean lower low water) and are not screened for their

impact from human exposure. They are included with the reference stations in Figures 6-5, 6-6 and 6-7, however.

to emphasize how similar their chemical makeup is to the stations mentioned above. The figures show that

arsenic again constitutes almost all of the cancer risk, and the same metals in similar proportions constitute most

of the hazard. It appears that activities on North Island have not resulted in a distinctive chemical signature at

most of the in-bay outfalls. Cancer risk, other than that near outfall 3 in the vicinity of Bravo Pier, is dominated

almost exclusively by arsenic and reaches its highest value at station 8-1. Risk at outfall 3 originates from the six
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PAHs as well as arsenic, particularly at stations 3-1, 3-2, and 3-3 that are within the pier area and near creosote-

soaked pilings. The hazard value is highest at 8-1 (3.88) and is again due to metals, with a more predominant role

played by antimony and molybdenum. The hazard ranking for metals at station 8-1 was antimony (1.75), arsenic

(0.80), lead (0.61), molybdenum (0.23), barium (0.13), manganese (0.09), thallium (0.07), and copper (0.06).

6.2.7 Human Health Risk Screening Conclusions

In summary, of all stations above tidal mean lower low water, stations 16-1 and 16-2 posed the greatest cancer

risk (15.66 x 10-6 and 14.91 x 10-6 repectively) due primarily to PAHs and arsenic concentrations. Cancer risks

were calculated from conservative assumptions of residential occupancy. Cancer risks at all stations are below10-

4 and are also similar to risk posed by North Island background arsenic levels alone (14.8 x 10-6) to risk posed by

reference coarse sediment (13.3 x 10-6) and below that of fine reference sediment (20.1 x 10-6) from which the

island is partially derived. We conclude that little cancer risk is posed by these sites, particularly when compared

to background.

Station 16-2 also posed the greatest hazard index (7.01), due to an elevated concentration of common crustal

metals, in ratios similar to background soil from North Island and sediments collected throughout the bay. The

high background lead concentration is probably due to the heavy use of aviation fuels at the air station. An organ-

specific assessment of the metal hazard indicated greatest threat to the central nervous system and kidneys. All

other stations had hazard indices below that of the North Island background soil hazard index (4.33). We conclude

that the non-cancer hazard posed by sediments at station 16-2 warrants evaluation of remedial altenatives.

Table 6-6. Organ system-specific hazard index for important metal contaminants.

Organ system/metal Lead Arsenic Manganese Vanadium Cadmium Barium Station 1-1 Station 16-2
Total Total

Reproduction x x 0.93 3.72
Immune x 0.85 3.59
Kidney x x x 1.5 6.06
Liver x x 0.65 2.46
Neural x x x x x 1.67 6.26
Dermal x 0.85 3.59
Respiration x x x x x 0.98 2.77
Cardiovascular x x x 1.08 3.83
Gastro/intestinal x x x 0.74 2.55

Whole body 6 metal index sum x x x x x x 2.01 6.86

Whole body total index sum 2.03 7.01

x indicates metals that impact to the organ system
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CONCLUSIONS AND
Section 7 RECOMMENDATIONS

In summary, the screening for ecological  and human health risk were pursued through two  different approaches.

For lack of absolute  sediment standards, a relative comparison was made between what were judged to be clean,

non-impacted reference sediments and sediments collected around Site 1 outfalls.  Significant differences in

sediment chemistry, toxicity or bioaccumulation tests were used to indicate potential ecological risk.  Any

potential risk was then further evaluated by comparing outfall sediment contaminant concentrations with

nationwide guidelines.  In the case of human health, the luxury of absolute, albeit conservative, contaminant

concentrations in the form of preliminary remediation goals could be employed to evaluate risk, making this

analysis much more straight forward.

7.1 ECOLOGICAL RISK SCREENING CONCLUSIONS

There is a lack of an apparent pattern or consistency in individual stations that had joint occurrence of statistically

higher sediment contaminant concentrations, toxicity, and bioaccumulation.  Outfall stations that were significantly

different from reference stations of similar grain size had relatively low sediment and tissue concentrations and

high overall survival.  These two observations argue that �hot spots�  of contamination with significant ecological

impact do not exist for in-bay Site 1 sediments, and the evaluation of sediments grouped by grain size was

reasonable for the site.  It was concluded in the ecological evaluation for outfall fine-grain and coarse-grain

sediment groups that neither sediment contaminant concentration, toxicity nor bioaccumulation was elevated

relative to in-bay reference stations.  This evaluation tempers the few significant differences observed between

outfall and reference sediment chemistry and bioaccumulation results with the wider perspective of ER-L and

ER-M sediment guidelines.  Significantly elevated mean contaminant concentrations in outfall sediments were

at or below ER-L levels.  Silver, the only chemical significantly bioaccumulated, occurred at low tissue concentrations

relative to other west coast estuarine animals.  Further, the tissues that had statistically elevated silver

bioaccumulations were exposed to sediments with silver concentrations below the ER-L sediment quality guideline.

From these results, no further action is recommended for Site 1 in-bay surface sediments.

7.2 HUMAN HEALTH RISK SCREENING CONCLUSIONS

Maximum residential cancer risk associated with intertidal surficial sediments  was 15.7 x 10-6   at station 16-1,

arising primarily from PAHs (9.8 x 10 -6) and arsenic (5.2 x 10 -6). The cancer risk due to arsenic alone for

background North Island soils is 14.8 x 10-6 , and is 13.3 x 10-6 and 21.1 x 10 -6 for reference coarse and fine

sediments respectively. These latter two values are pertinent since North Island is built up from dredged bay

sediments. Cancer risk at most subtidal and reference station sediments is dominated by arsenic and is maximum

at station 8-1 (44.2 x 10-6). These subtidal sediments are below water at mean lower low water level and are

ignored in this risk screening because no reasonable exposure pathway to humans exist.  The cancer risks in all

cases were within the risk range of 1 x 10-4 to 1 x 10-6. We conclude that little cancer risk is posed by the intertidal

sites.
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The maximum non-cancer hazard value found associated with intertidal sediments was 7.01 at station 16-2, the

next highest value of 2.03 was found at station 1-1, the third highest was 1.48 at station 16-1. All other stations

had hazard values of approximately 1 or less. These values where driven exclusively by a similar mix of metals.

Lead (3.59) dominated the hazard value at station 16-2.  An organ-specific assessment of the metal hazard

indicated the greatest threat to the central nervous system and kidneys. This same metal mix, in similar proportions,

resulted in hazard values of  0.96 and 1.53 for coarse and fine sediments, respectively. Metals in  background

North Island soils resulted in a hazard value of 4.33, with lead (3.09) accounting for the majority of hazard. The

high background lead concentration is probably due to the heavy use of aviation fuels at the air station. We

conclude that the non-cancer hazard posed by sediments at station 16-2 warrants evaluation of remedial altenatives.

Subtidal sediments generally ranged between hazard values of 1 and 2, due again to the same metal mix. The

exception was station 8-1 with a hazard value of 3.88, and relatively higher levels of antimony and molybdenum.

The subtidal sediments were not considered to pose a health hazard for lack of a ready exposure pathway and

were evaluated only for perspective.  We conclude that subtidal sediments pose little hazard to residential humans

and that no further investigations or action are warranted for these sediments.
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