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TABLE 4.3 Summary of the oral carcinogenicity bioassay of Kociba et al.
(1978 a,b)

Animal Sex Drug type Incidentested Tuo yece

Squamous cell carcinoma of the tongue,

Control adenoma of the adrenal cortex, and 0/85
squamous cell carcinoma of tyhe hard

palate

0.001 Squamous cell carcinoma of the tongue 1150

Squamous cell carcinoma of the tongue 1/50

M 0.01 Squamous cell carcinoma of the 2/50

adrenal cortex

Squamous cell carcinoma of the tongue 3s50

Adenoma of the adrenal cortex 5/50Sprague- 0.1 _________________

Dawley Squamous cell carcinoma of the hard 4/50
rats palate

Control Hepatocellular carcinoma 1/86

0.001 Hepatocellular carcinoma 0/50

Hepatocellular carcinoma 2/50

0.01 Squamous cell carcinoma of the hard 0F palate

Hepatocellular carcinoma 11/49

0.1 Squamous cell carcinoma of the hard 4/49palate

Squamous cell carcinoma of the lung 7/49

Source: ATSDR, 1939.
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TABLE 4.4 Other Oral Studies Supporting the Conclusion that 2,3,7,8-
TCDD is an Animal Carcinogen

Method s
of Anima SesesOf numbe Doses Tumor type References

Exposu I tested
rer

Spragu 0.01,
0.005, Increase in Van Miller et

Diet e- M10 0.05, 0.5, total tumor al., 1977a,b
Dawley 1.0, or 5 incidence

rats ppb

Osborn 0.01, 0.05, Follicular-cell
e- M/50 or 0.5 adenomas and NTP, 1982b

Mendel pg/kg/ carcinomas of
rats week the liver

Neoplastic
Osborn 0.01, 0.05, nodules and

eF/ or 0.5 hepatocellular NTP, 1982bMendel POW g/g carcinomas of

rats week the liver

0.01, 0.05,

Gavage B6C3 Fl M/50 or 0.5 Hepatocellular NTP, 1982b
mice pg/kg! carcinomas

week

Hepatocellular
0.01, 0.05, carcinoma and

B6C3 F/50 or 0.5 follicular-cell NTP, 1982b
mice pg/kg/ adenomas of

week the thyroid

0.007, 0.7, Hepatomas and Toth et a.,
Swis M/44 or 7.0 hepatocellular
mice 4 pg/kg/ carcinomas 1979

week

Source: ATSDR, 1989.
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limited number of cases, and the misclassification of soft-tissue sarcomas. A

summary of the unit cancer risk values can be found in Table 4.9.

4.2 Toxicological Profile for 2,4-Dichlorophenoxyacetic Acid (2,4-D)

The purpose of this toxicological profile is to describe the known behavior of

2,4-D by using the most current and related information available. It is important

to note that the n-butyl esters of 2,4-dichlorophenoxyacetic acid can hydrolyzed in

biological and aquatic systems. Therefore, the behavior of the pure acid and their

salts are pertinent and will be discussed in the following paragraphs along with

studies on the esters when they are available (USAF, 1974).

4.2.1 Chemical Characteristics

2,4-Dichlorophenc-.yacetic acid (2,4-D 9) is a man-made chemical with no

known natural sources. The chemical is produced by the interaction of 2,4-

dichlorophenol, with the sodium salt of monochloroacetic acid, typically followed by

an acid treatment to convert the 2,4-D salt to an acid (Sittig, 1980, 1986).

2,4-D is a systemic herbicide used for the control of broad leaf weeds in cereal

crops, sugar cane, turf, pastures and other non-cropland (Weed Science Society of

America, 1974). It is also used to control the ripening of bananas and citrus fruits

(WHO, 1975). An estimated 27 million kg of 2,4-D acid equivalent, in the form of

esters and salts, were used in the US in 1975 (IARC, 1977). 2,4-D was used as a

jungle defoliant during the Vietnam War in the mid-1960's, where it was a component

of "Agent Orange" (a 50:50 mixture of the n-butyl esters of 2,4-D and 2,4,5-

trichlorophenoxyacetic acid). About 40 million liters of "Agent Orange" were sprayed

9 2,4-D refers to the acid derivative unless othernvi!e stated.
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in South Vietnam between 1965-1971 (Committee on the Effects of Herbicides in

Vietnam, 1974).

Various physical and chemical properties of 2,4-D are discussed in Section 4.5.

4.2.2 Pharmacokinetics

The differences in toxic effects caused by the various salts, amines and esters

of 2,4-D can be explained on a pharmacometric basis. The concentrations of

chemicals at the receptor sites in an organism depends on the absorption and

distribution rates in relation to rates of metabolism and excretion. The rate of

absorption in animals or plants is based on the route of entry and rate of membrane

transport. Specific membrane transport rates depend upon the characteristics of the

membrane in relation to the size, shape, polarity and lipid solubility of the particular

molecule considered (USAF, 1974).

4.2.2.1 Absorption

The most common route of exposure to herbicides in mammals is via ingestion,

although exposure via inhalation and cutaneous routes is possible. The literature

indicates that gastric absorption of 2,4-D, its amines and alkali salts occur readily as

would be predicted from the Henderson-Hasselbalch relationships (USAF, 1974). The

gastro-intestinal absorption of 2,4-D esters may be incomplete (Erne, 1966 as cited

in USAF, 1974).

Frank et al. (1985) calculated that a maximum of 4.5% of the armount of 2,4-D

deposited on the bare skin of a person directly sprayed with 2,4-D was absorbed.

Among those occupationally exposed, dermal exposure appears to be the most

important route of absorption.
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4.2.2.2 Distribution

After oral administration of 2,4-D to sheep and cattle, analyses of muscle, fat,

liver and kidney showed the presence of 2,4-dichlorophenol (Clark et al., 1975 as cited

in USDIFWS, 1978). There are no data concerning distribution after other relevant

routes of administration.

4.2.2.3 Metabolism

Most studies indicate that 2,4-D is rapidly eliminated via the kidneys by active

tubular secretion into the urine. Cattle and rabbits excrete 2,4-D in their urine

mostly unchanged (USAF, 1974). Erne (1966) as cited in USAF (1974), found that

2,4-D had a half-life from three to twelve hours and that urinary excretion was the

primary route of elimination in the rat, rabbit, calf and chicken. Berndt and KNschier

(1973), as cited in USAF (1974), concluded that renal tubular transport by the

organic anion mechanism may account for the relatively rapid disappearance of 2,4-D

and that might account for 2,4-D's low toxicity.

4.2.2.4 Excretion

In a study on the kinetics of 2,4-D, five male volunteers were administered a

dose of 5 mg,/kg bw. Absorption was nearly complete, as indicated by the recovery of

88-100% of the dose in the urine within 144 h. Approximately 80% of the 2,4-D was

excreted unchanged in the urine. The additional 20% was excreted as an acid-labile

conjugate (Sauerhoff et al., 1977a). Extensive and rapid gastrointestinal absorption

of 2,4-D was also observed by Kohli et al. (1974b).

Maximum concentrations of 2,4-D were detected in urine three days after

dermal exposure (Feldman and Maibach, 1974).
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4.2.3 Toxicity

Toxicity data for humans are difficult to obtain because people are rarely

exposed to pure 2;4-D. Most occupational exposure studies are difficult to evaluate

because of the combined exposures of many workers to more than one herbicide or

greater than one derivative of a single herbicide.

4.2.3.1 Noncancer Toxicity

Most of the data derived from acute toxicity studies indicate that 2,4-D has low

toxicity. In the rat, the single dose LDSo is 620 mg/kg for the butyl ester derivative

of 2,4-D and 100 mg/kg for the dog in the 2,4-D acid derivative (Rowe et al., 1954;

Edson et al., 1964 as cited in USAF, 1974).

Groups of 3 male and 3 female beagle dogs were fed 10, 50, 100, or 500 mg/kg

of diet 2,4-D for 2 years, beginning at 6-8 months of age. Twenty-eight dogs survived

the 2 year period and were clinically normal. No adverse effects related to 2,4-D were

observed (Hansen et al., 1971).

Results of teratological studies are variable; teratogenic effects are observed

with doses close to maternal toxicity. In a study by Bjorklund and Erne (1966),

Sprague-Dawley rats were given 1000 mg/i 2,4-D ( 50 mg/kg) in the drinking water

during pregnancy and for an additional 10 months after that, and 2,4-D was

administered to the second generation for up to 2-years. Pregnancy and parturition

were normal, the litter size was not significantly reduced, and no malformations were

noted in the young. Except for retarded grow th and increased mortality in the second

generation, no clinical or morphological changes were seen.

In a three-generation study, Osborne-Mendel rats were orally administered 100

or 500 pg/kg (4 pg/kg or 20 pg/kg) of diet 2,4-D. No adverse effects were observed.
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Diets containing 1500 pg/kg (60 pg/kg) 2,4-D significantly reduced the percentage of

pups surviving to weaning and their weights (Hansen et al., 1971).

No significant increases in embryonic effects were noted when 2,4-D was orally

administered to hamsters at doses up to 100 mg/kg on days 6-10 of gestation (Collins

and Williams, 1971).

An Oral Reference Dose (Oral RD), of 0.01 mg/kg/day has been set by EPA

(IRIS, 1991). This is based on data from Dow Chemical Co. (1983). Hematologic,

hepatic and renal toxicity were demonstrated in Fisher 344 rats during a subchronic

feeding. 2,4-D was fed to the rats for 91 days at doses calculated to be 0, 1, 5, 15, or

45 mg/kg/day. There were a total of 200 animals in the study. Criteria examined to

determine toxicity were survival, daily examination for clinical symptomology, weekly

change in body weights and clinical, gross and histopathologic alterations. The

results demonstrated statistically significant reductions in mean hemoglobin (both

sexes), mean hematocrit and red blood cell levels (both sexes), and mean reticulocyte

levels (males only) at the 5 mg/kg/day dose or higher after 7 weeks. There were also

significant reductions in liver enzymes LDH, SGOT, SGPT, and alkaline phosphatase

at week 14 in animals treated at the 15 mg/kg/day or higher doses. Kidney weights

(absolute and relative) showed significant increases in all animals at the 15

mg/kg/day dose or higher at the end of the experimental protocol. Histopathologic

examinations correlated well with kidney organ weight changes showing cortical and

subcortical pathology. The dose used to derive the RfD. was 1 mg/kg/day (IRIS,

1991). The RAD0 was set at 0.01 mg/lkg bw/day by using a total uncertainty factor of

100 to account for uncertainty in the interspecies and interhuman variability in the

toxicity of 2,4-D in regard to these specific data (iRIS, 1991). Because the analysis

of the 90-day and a follow up 1-year interim study, results suggest that the NOAEL

would also be relevant for the full 2-year duration. Inclusion of the

subchronic-to-chronic uncertainty factor is not warranted (IRIS, 1991). The EPA has

medium confidence (tending towards high) in this oral RfD (IRIS, 1991). Confidence
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in the study is medium because of a reasonable number of animals were used of both

sex, the four doses were given, and a generous number of parameters were examined

(IRIS, 1991). Confidence in the data base is medium because several studies support

both the observation of critical toxic effects and the levels at which they occur (IRIS,

1991).

Critical noncarcinogenic toxicity values for 2,4-D are discussed in Section 4.5.

4.2.3.2 Carcinogenicity

Osborne-Mendel rats were orally administered 5, 25, 125, 625, or 1250 mg/kg

(0.2, 1.0, 5.0, 25.0, or 50 mg/kg) 2,4-D for 2 years. A significant increase in tumors

was seen only in the highest dose group, but tumors were randomly distributed and

were typical of those found in aging rats of this strain (Hansen et al., 1971). Because

of the limitations of this study (including the small number of animals used) no

evaluation of carcinogenicity could be made based on the available studies (IARC,

1987).

IARC (1987 and 1977) state that the evidence for carcinogenicity in animals

is inadequate for 2,4-D.

4.2.3.3 Additional Data

The genotoxicity data for 2,4-D have yielded fairly inconsistent results overall.

Many in vitro studies have given positive results in absence of metabolic activation,

but a few negative results have been noted. The results of these studies can be founid

in Tables 4.5 (in vitro data) and 4.6 (in vivo data).
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TABLE 4.5 Genotoxicity of 2,4-D in vitro

End point Species (test system) Results References

Salmonella typhimurium -/a Nishimura et al., 1982
(reverse mutation) Mortelmans et al., 1984

Gene S. typhimurium nb/- Anderson and Styles,
Mutation (reverse mutation) 1978

S. typhimurium -/0 Zetterberg et al., 1977
(reverse mutation) Anderson et al., 1972

Saccharomyces cerevisiae +/0 Zetterberg, 1978
(reverse mutation)

S. cerevisiae +/0 Zetterberg et al., 1977
(gene conversion)

S. cerevisiae (+)C/o Siebert and Lemperle,
(gene conversion) 1974

Cytogenetic Chinese hamster cefls -/- Linnainmaa, 1984
(sister chromatid exchange)

Human lymphocytes +/0 Korte and Jalal, 1982
(sister chromatic exchange)

Human lymphocytes +/0 Pilinskaya, 1974
(chromosomal aberration) Mustonen et al., 1986

" In presence of metabolic activation/absence of metabolic activation
b Not tested
C Weakly positive

Source: IARC, 1937.
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TABLE 4.6 Genotoxicity of 2,4-D in vivo

End point Species (test system) Resuts References

Drosophila rmelanogaster - Vogel and Chandley, 1974
(sex-linked recessive Zimmering et al., 1985

Gene lethal)
mutation Drosophila melanogaster + Magnusson et al., 1977

(sex-linked recessive
lethal)

Drosophila melanogaster + Rasmuson and Svahlin,
(somatic mutation/ 1978

recombination)

Drosophila melanogaster Ramel and Magnusson,
(aneuploidy) 1979

Magnusson et al., 1977
Woodruff et al., 1983

Mouse Seiler, 1978
(micronucleus test) Jenssen and Renberg,

1976

Cytogenetic Mouse Epstein et al., 1972
(dominant lethal test)

Human lymphocytes Linnainmaa, 1983
(sister chromatid

exchange)

Human lymphocytes (+)f Crossen et al., 1978
(sister chromatid

exchange)

Human lymphocytes Mustonen et al., 1986
(chromosome aberration)

Human lymphocytes (.)b Hoegstedt et al., 1980
(chromosome aberration)

S Weakly positive
b Weakly negative

Source: IARC, 1987.
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4.3 Toxicological Profile for 2,4,5-Trichlorophenoxyacetic Acid (2,4,5-T)

The purpose of this toxicological profile is to describe the known behavior of

2,4,5-T by using the most current and related information available. It is important

to note that the n-butyl esters of 2,4,5-trichlorophenoxyacetic acid can be hydrolyzed

in biological and aquatic systems. Therefore, the behavior of the pure acid and their

salts are pertinent and will be discussed along with studies on the esters when they

are available (IJSDAF, 1974).

4.3.1 Chemical Characteristics

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T10 ) is a man-made chemical with no [
known natural sources. The chemical is currently produced by the reaction of 2,4,5-

trichlorophenol with the sodium salt of monochloroacetic acid, typically followed by

an acid treatment to convert the 2,4,5-T salt to an acid (Sittig, 1980). r
2,4,5-T was used as a jung!e defol;ant during the Vietnam War in the mid-

1960s, where it was a component of "Agent Orange" (a 50:50 mixture of the n-butyl

esters of 2,4,5-T and 2,4-dichlorophenoxyacetic acid). About 40 million liters of

"Agent Orange" were sprayed in South Vietnam between 1965-1971 (Committee on

the Effects of Herbicides in Vietnam, 1974).

Various physical and chemical properties of 2,4,5-T are discussed in

Section 4.5.

10 2,4,5-T refers to the acid derivative unless otherwise stated.
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4.3.2 Pharmacokinetics

The differences in toxic effects caused by the various salts, amines and esters

of 2,4,5-T can be explained on a pharmacometric level. The concentrations of

chemicals at the receptor sites in an organism depends upon the absorption and

distribution rates in relation to rates of metabolism and excretion. The rate of

absorption in animals or plants is dependent on the route of entry and the rate of

membrane transport. Specific membrane transport rates depend upon the

characteristics of the membrane in relation to the size, shape, polarity and lipid

solubility of the particular molecule considered (USDAF, 1974).

4.3.2.1 Absorption

The most common route of exposure to herbicides in mammals is via ingestion,

although exposure via inhalation and cutaneous routes is possible. The literature

indicates that gastric absorption of 2,4,5-T and its amines and alkali salts occur

readily as would be predicted from the Henderson-Hasselbalch relationships (USDAF,

1974). There is no information in the available literature about the absorption of

2,4,5-T via the skin or inhalation.

4.3.2.2 Distribution

There was no available information on the distribution of 2,4,5-T.

4.3.2.3 Metabolism and Excretion

Most studies indicate that animals rapidly eliminate 2,4,15-T via the kidney by

active tubular secretion into the urine. Cattle and rabbits excrete 2,4,5-T in their

urine mostly unchanged (USDAF, 1974). Erne (1966), as cited in USDAF (1974),

found that 2,4,5-T had a half-life from three to twelve hours and that urinary
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excretion was the primary route of elimination in the rat, rabbit, calf and chicken.

Berndt and Koschier (1973), as cited in USDAF (1974), concluded that renal tubular

transport by the organic anion mechanism may account for the relatively rapid

disappearance of 2,4,5-T, which may account for 2,4,5-T's low toxicity.

[1- 14C]2,4,5-T was administered to pregnant and non-pregnant rats by stomach

tube in a study by Fang et al. (1973), as cited in USDIFWS (1978). The rate of

elimination for both groups was the same. Ninety to 95% of the label was eliminated

in the form of unchanged 2,4,5-T in the urine. In addition, two non-polar and one

water soluble metabolite were observed. Acid hydrolysis of the water soluble

metabolite produced 2,4,5-T suggests potential ester formation.

Studies in humans confirm the results observed in animals. Gerring et al.

(1973) orally administered 2,4,5-T directly or in milk in 5 human male volunteers.

An average of 88% of the dose was excreted in the urine within 96 hours of

administration, and renal clearance was 180 to 260 ml/min. The ingested 2,4,5-T was

eliminated unchanged into the urine (USDAF, 1974). There was no free

trichlorophenol detected in the urine. Clearance from the plasma and excretion both

followed first-order kinetics with a half-life of 23 hours. Fecal excretion was <1% of

the dose (Gerring et al., 1973).

In a similar study, 2,4,5-T was administered orally at 2, 3, or 5 mg/kg bw.

Maximum plasma concentrations were detected 7 to 24 hours after administration.

Following the 5 mg/kg bw dose, the half-life averaged 19 hours. For all of the doses

examined, an average of 63 to 79% of the dose was recovered in the urine within 96

h of administration (Kohii et al., 1974a).
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4.3.3 Toxicity

Toxicity data for humans are difficult to obtain because people are rarely

exposed to pure 2,4,5-T. In the majority of cases, the available data do not

distinguish between the possible effects of exposure to 2,4,5-T and those of exposure

to associated chemicals or more toxic contaminants such as TCDD.

4.3.3.1 Noncancer Toxidcity

Most of the data derived form acute toxicity studies indicate that 2,4,5-T has

low toxicity. In the mice, the single dose LD50 was 940 mg/kg for the butyl ester

derivative for 2,4,5-T and 500 mg/kg in the rat for the 2,4,5-T acid derivative (Rowe

and Hymas, 1954 as cited in USDAF, 1974).

Dogs fed 2,4,5-T 5 times a week for 90 days at a dosage level of 2, 5, or 10

mg/kg bw exhibited no adverse effects. Daily doses of 20 mg/kg bw resulted in deaths

11-75 days after the first dosing (Drill and Hiratzka, 1953).

Results of teratology studies in animals are variable. 2,4,5-T (containing less

than 0.02 mg/kg TCDD) orally administered on days 6-15 of gestation was

embryotoxic to NMRI mice. The frequency of cleft palate was significantly increased

when doses of greater than 20 mg/kg bw were administered. Reductions in fetal

weight were found with doses of 10-15 mg/kg bw, but there was no increase in

embryolethality over controls. Cleft palates were produced following a single oral

dose of 150-300 mg/kg bw. 2,4,5-T butyl ester was found to have similar

embryopathic effects as 2,4,5-T following administration on days 6-15 of gestation

(Neubert and Dillmann, 1972).

To the contrary, 2,4,5-T (containing 0.5 mg/kg TCDD) was neither teratogenic

or fetotoxic when orally administered to CD rats at doses ranging from 1-80 mg/kg
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bw (Courtney and Moore, 1971), or in Sprague-Dawley rats at doses ranging from 1-

24 mg/kg bw (Emerson et al., 1971) on days 6-15 of gestation. The butyl ester of

2,4,5-T had no effect when orally dosed at 50 or 150 mg/kg bw in Wistar rats, but

2,4,5-T (containing less than 0.5 mg/kg) did induce skeletal anomalies following single

daily doses of 100-150 mg/kg bw on days 6-15 of gestation (Khera and McKinley,

1972).

Sjoden and Soderberg (1977), reported that prenatal exposure to 2,4,5-T may

lead to behavioral abnormalities and changes in thyroid activity as well as brain

serotonin levels in the progeny. Crampton and Rogers (1983) reported that prenatal

exposure to 2,4,5-T has long-term effects on behavior in rats. After exposure to a

single dose of 2,4,5-T (6 mg/kg) on day 8 of gestation, abnormalities were observed

in tests for novelty responses.

A.n oral Reference Dose (oral R1D), of 0.01 mg/kg/day has been set by EPA

(IRIS, 1991). This is based on data from two well conducted studies (Kociba et al.,

1979; Smith et al., 1981). Kociba et al. (1979) maintained Sprague-Dawley rats

(50/sex) on diets supplying 0, 3, 10, or 30 mg 2,4,5-T/kg bw/day for 2 years.

Toxicological endpoints measured were body weight, food consumption,

tumorigenicity, hematology, urinalysis, serum chemistry, and histopathology. No

effects were seen at 3 mg/kg/day. An increase in urinary excretion of coproporphyrin

(at 4 months only) was reported for males at 10 and 30 mg/kg/day and for females at

the 30 mg/kg bw dose level. A mild dose-related increase in the incidence of

mineralized deposits in the renal pelvis was reported for females after 2 years. Smith

et al. (1981) conducted a three ge~ieration reproduction study. Rats were fed levels

of 2,4,5-T corresponding to 0, 3, 10, or 30 mg 2,4,5-T/kg bw/day. No effects were

observed at the lower doses. Reduced neonatal survival was observed at both higher

doses. The dose used to derive the RfDo was 3 mg/k-Jday (IRIS, 1991). The RfDo was

set at 0.01 mg/kg bw/day by using a total uncertainty factor of 300 to account for

uncertainty in the extrapolation of dose levels from laboratory animals to humans
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(10), uncertainty in the threshold for sensitive humans (10), and uncertainty because

of deficiencies in the chronic toxicity data base (3) (IRIS, 1991). The EPA has

medium confidence (tending towards high) in this oral RfD (IRIS, 1991). There is

high confidence in the studies used to determine the RfD. because of the completeness

of the studies and the data base is supportive of the magnitude of the reproductive

effect. The relative weakness of the chronic toxicity data base precludes a higher

overall confidence level (IRIS, 1991).

Critical noncarcinogenic toxicity values for 2,4,5-T are discussed in Section 4.5.

4.3.3.2 Carcinogenicity

2,4,5-T has been tested in mice by oral administration. In a study by Mutanyi-

Kjovacs et al. (1976), 20 male and 19 female 6-week old inbred XVBII/G mice were

given 100 mg/i (5 mg/kg) 2,4,5-T (containing less than 0.05 mg/kg chlorinated

dibenzodioxins) in the drinking water for 2 months. Subsequently, 2,4,5-T was fed

orally at a concentration of 80 mg/kg (3.2 mg/kg) of diet for lfespan. No significant

increase was noted in the incidence of tumors. In a similar study by the same

authors, C3HF mice were treated in the same manner. The treated female mice

showed a significant increase in the total number of tumors. Although an increased

incidence of tumors at various sites were observed in this study, no evaluation of

carcinogenicity of 2,4,5-T could be made because of the limitations of this study (smald

number of animals used) (IARC, 1987).

IARC (1987, 1977) state that the evidence for carcinogenicity in animals is

inadequate for 2,4,5-T.
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4.3.3.3 Additional Data

The genotoxicity data suggest that 2,4,5-T is not likely to effect genetic

material. Most studies have given negative results, while the positive studies had

only weak responses. The results of these studies can be found in Tables 4.7 (in vitro

data) and 4.8 (in vivo data).

TABLE 4.7 Genotomicity of 2,4,5-T in vitro

[Endpoint Species (test system) Results References

Salmonella typhimurium Herbold et al., 1982
(reverse mutation) Nishimura et al., 1982

Mortelmans et al., 1984

Gene Salmonella typhimurium 0 b/- Anderson and Styles,
mutation (reverse mutation) 1978

Salmonella typhimurium -/0 Andersen et al., 1972
(reverse mutation)

Saccharomyces cerevisiae +/0 Zetterberg, 1978
(reverse mutation)

a In presencP of metabolic activation/absence of metabolic activation
b Not tested

Source: IARC, 1987.
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TABLE 4.8 Genotoxicity of 2,4,5-T in vivo

End point Species (tes. system) Results References

Drosophila melanogaster + Majumdar and Golia,
(sex-linked recessive lethal) 1974

Gene Drosophila rnelanogaster (+)a Magnusson et al., 1977
mutation (sex-linked recessive lethal)

Drosophila melanogaster Zimmering et al., 1985
(sex-linked recessive lethal)

Drosophila melancgaster Rasmuson and
(somatic Svahlin, 1978

mutation/recombination)

Drosophila melanogaster Ramel and Magnusson,
(aneuploidy) 1979

Magnusson et al., 1977

Cytogenetic Mouse - Jenssen and Renberg,
(micronucleus test) 1976

Mouse - Buselmaier et al., 1972
(dominant lethal test)

Rat - Herbold et al., 1982
(dominant lethal test)

Human lymphocytes (+) Crossen et al., 1978
(sister chromatid exchange)

Weakly positive

Source: IARC, 1987.
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4.4 Toxicity Profile for the Mixtures of 2,4,5-Trichlorophenoxyacetic Acid (2,4,5-T),

2,4-Dichlorophenoxyacetic Acid (2,4-D), and 2,3,7,8-Tetrachlorodibenzo-p-Dioxin

(TCDD) as Chlorophenoxy Herbicides

4.4.1 Toxicity

Toxicity data for humans are difficult to obtain because people are rarely

exposed to pure 2,4,5-T, 2,4-D or TCDD. Most occupational exposure studies are

difficult to evaluate because of the combined exposures of many workers to more than

one herbicide or greater than cne derivative of a single herbicide. In the majority of

cases, the available data do not distinguish between the possible effects of exposure

to 2,4,5-T or 2,4-D and the exposure to associated chemicals such as TCDD. Many

studies involve the occupational exposure to the general category of chlorophenoxy

herbicides.

4.4.2 Noncancer Toxicity

4.4.2.1 Chloracne

In a reaction incident vith exposure to 2,4,5-T and its contaminant TCDD in

1949, workers were who were exposed were followed for 4 years. Directly after

exposure, workers had complaints including chloracne and respiratory tract, liver and

nervous system disorders. By 1953, liver and nervous system problems subsided, but

chloracne still persisted in some cases (Suskind, 1985).

4.4.2.2 Reproduction and Prenatal Toxicity

Effects on reproduction and prenatal toxicity have been addressed in several

studies in humans. A study in Arkansas, USA, divided the state into low, medium

and high 2,4,5-T use areas on the basis of rice acreage. No significant differences in
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rates of facial cleft were found among the different areas between 1943 and 1974

(Nelson et al., 1979). The USEPA investigated spontaneous abortion rates in areas

of Oregon, USA, in relation to 2,4,5-T spray rates between 1972 and 1977.

Significantly higher spontaneous abortion rates were noted in areas in which 2,4,5-T

was used. IARC (1986) noted that some of the methods in the study were inadequate.

A study of the pregnancy outcomes of wives of professional herbicide (2,4,5-T)

sprayers was conducted in New Zealand (Smith et al., 1981). There were a total of

1172 births among families in the exposed group (1969-1979 for spraying of 2,4,5-T;

1960-1979 for spraying of any pesticide) and 1122 births in a control group. Major

congenital defects were reported in 2% (24) of births to applicator families and 1.6%

(18) of births to the control group; the difference was not significant. Similar rates

were observed for the two groups for stillbirths and miscarriages. In further analysis,

the pregnancy outcomes associated with spraying of 2,4,5-T by the father in the same

year or in the previous year of the birth were selected and compared to the control

group. The relative risk for congenital defects in children of exposed fathers was 1.19

and for miscarriages 0.89 (Smith et al., 1982b). These results were not statistically

significant.

4.4.3 Cancer

4.4.3.1 Case-Control Studies

4.4.3.1.1 Soft-Tissue Sarcomas

Hardell and Sandstrom (1979), conducted a case-control study of 52 male

patients with soft-tissue sarcoma and 220 matched controls. A person was classified

as being exposed if he had at least one full day of exposure more than 5 years before

a tumor was diagnosed. Of the 52 cases, 13 cases were exposed to chlorophenoxy

herbicides (12 had been exposed to 2,4,5-T or 2,4-D, and one to 4-chloro-2-methyl-
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phenoxy acetic acid (MCPA) alone; combined exposure to 2,4,5-T and 2,4-D was

reported in 9 cases). A significant association was observed (odds ratio = 5.3; 95% CI,

2.4 to 11.5) with prior exclusion of exposure cases to chlorophenol. Latency from first

exposure was 10 to 20 years. The average duration of exposure was three to four

months (range, 2 days to 49 months).

Eriksson et al. (1981) undertook a case-control study with 110 cases with soft-

tissue sarcomas and 220 matched controls in an area of Sweden where MCPA and

2,4-D had been widely used in agriculture. A significant association was observed

(odds ration = 8.5) for exposure to chiorophenoxy herbicides alone for more than 30

days (7 cases), and 5.7 for exposures of less than or equal to 30 days (7 cases). The

odds ratio for exposure to chlorophenoxy herbicides other than 2,4,5-T was 4.2 (95%
CI, 1.3 to 15.8).

An initial analysis of occupations recorded with the National New Zealand

Center Registry between 1976 and 1980 did not find and excess of soft-tissue sarcoma

cases in agricultural and forestry workers (Smith et al., 1982). After this preliminary

analysis, nearly 90% of the cases (or next of kin) were interviewed regarding past

occupations and actual exposure to chlorophenoxy herbicides. A significant

association was observed (odds ratio = 1.6; 90% CI, 0.7 to 3.3) was calculated for

those who had probably or definitely been exposed for more than one day greater

than 5 years prior to the diagnosis of the tumor. None of the cases was of a

professional applicator. The possibility of recall bias based on the previous study was

noted.

in a study by Smith et al. (1984) 82 persons with soft-tissue sarcomas and 92

controls (with other types of cancers) were interviewed for a case-control study. For

those potentially exposed to phenoxyherbicides for more than one day not in the 5

years prior to cancer diagnosis, no significant association was observed (odds ratio =

1.3; 90% CI, 0.6 to 2.5). In addition, no significant association was observed for
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chlorophenol exposure (odds ratio = 1.5; 90% CI. 0.5 to 4.5). The authors concluded

that further studies were needed to clarify whether human exposure to these

chemicals increase the risk of soft-tissue sarcoma.

4.4.3.1.2 Malignant Lymphomas

A case-control study of 169 cases of malignant lymphoma was undertaken with

338 matched controls (Hardell et al., 1981). The study design, including

determination of exposure, was similar to the Swedish soft-tissue sarcoma studies

(see Hardell and Sandstorm, 1979). A significant association (odds ratio = 4.8; 95%

CI, 2.9 to 8.1) was obtained for exposure to chlorophenoxy herbicides, excluding cases

and controls exposed to chlorophenols. Stratifying by duration of exposure, the

relative risk estimate was 4.3 for less than 90 days and 7.0 for 90 days or more

exposure to chlorophenoxy herbicides. The majority of chlorophenoxy herbicide-

exposed cases reported exposure to both 2,4,5-T and 2,4-D (25 cases), two reported

exposure to 2,4,5-T, 2,4-D and MCPA, seven to 2,4-D alone and 5 to MCPA alone

(Hardell, 1981a).

An analysis of reported occupations appearing on the New Zealand Cancer

Registry indicated an excess of malignant lymphoma and multiple myeloma among

men in agricultural occupations during 1977-1981. The main findings of a

subsequent case-control study concerned 88 cases of malignant lymphoma (covering

non-Hodgkin's lymphoma other than lymphosarcoma and reticulosarcoma), classified

as ICD 202, and 352 matched controls. A subsequent study with 83 cases of ICD 202

suggested that exposure to chlorophenoxy herbicides was not associated, since the

odds ratio of 1.3 (90% CI. 0.7 to 2.5) was obtained when controls were people with

other cancers were used. and an odds ratio of 1.0 (90% CI. 0.5 to 2.1) when the

controls were the general population (Pearce et al., 1986).
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4.4.3.1.3 Nasal and Nasopharyngea! Cancer

Hardell et al. (1982), described an odds ratio of 2.1 (95% CI, 0.9 to 4.7) for

exposure to chiorophenoxy herbicides.

4.5 Conclusion and Summary

There is limited evidence that occupational exposures to chlorophenoxy

herbicides are carcinogenic to humans (IARC, 1986). Ben-hrnark values for all

relevant toxicological indicators, carcinogenic and noncarcinogenic, are presented in

Tables 4.9 and 4.10, respectively.
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TABLE 4.9
Critical Carcinogenic Toxicity Values for Indicator Chemicals

Herbicide Orange Storage Area
Johnston Island, Johnston Atoll

Slope Factor Weight of

Chemical Name (SF) Evidence Type of SF Basis/

(mg/kg-dayY' Classifi- Cancer SF Source
cation

Oral Route

2,3,7,8-Tetrachloro- 1.56 x 105  B1a Lung, liver, Food/ATSDR
dibenzo-p-Dioxina hard (June 1989)

palate,
nasal

turbinates

2,4- No data No data No data No data
Dichlorophenoxy
acetic acidb
(n-butyl ester)

2,4,5- No data No data No data No data
Trichlorophenoxy
acetic acidb
(n-butyl ester)

2,4,5- No data No data No data No data
Trichlorophenoxy
acetic acidb
(Iso-octyl ester)

In5halation Rate No data No data No data No data

a When associated with phenoxy herbicides and/or chlorophenols, B2 when

considered alone.
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TABLE 4.10
Critical Noncarcinogenic Todecity Values for Indicator Chemicals

Herbicide Orange Storage Area
Johnston Island, Johnston Atoll

Chronic o RfD Uncertain-
Chemical Name Ro CoDnc- Critical Basis/ ty and

da) Source Factorsb

Oral Route

2,3,7,8- Primary:
Tetrachloro- Fetal

No UF=100 fordibenzo-p-.Dioxin survival
1 x 10-9 No data data/ A, L

ATSDR TVIF=10
Secondary:

Renal

2,4- Primary:
Dichlorophenoxy Renal
acetic acid Food/1 x 1-2' MdiamH, A
(n-butyl ester) 1 x 102 Medium Secondary: IRIS H,=

Hematologic,
hepatic

2,4,5- Primary:
Trichlorophenoxy Neonatal
acetic acid survival
(n-butyl ester) IF=300 for

1 x 1" Medium Secondarv: IS H, A, DIRIS
Increased MIF=1
urinary

copropor-
phyrin

Inhalation Route No data No data No data data No data

a Confidence level from IRIS, either high, medium, or low.
b Uncertainty adjustments: H=variation in human sensitivity; A=animal to human

extrapolation; and D=deficiencies in toxicity data.
C RfD value for acd, n-butyl ester value not available.
d RfD value for acid, n-butyl ester and iso-octyl ester values not available.
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5.0 Risk Characterization

Characterization of risk is based on the results of the exposure assessment (as

summarized in Table 3.12) and the benchmark toxicity values (presented in

Table 4.10). The basic algorithm for calculation of risk for carcinogenicity is:

Risk = Lifetime Average Daily Dose (mg/kg4day) x unit cancer risk (mg/kg/day)ý(5-8)

and for systemic toxicity (as the hazard quotient) is:

Noncancer hazard quotient = Average Daily Dose (ADD) (5-9)
Reference Dose (RD)

Among the chemicals of concern, TCDD is the only kncwn carcinogen. The Unit

Cancer Risk (UCR) on which risk was calculated is 1.56 x 105. TCDD, 2,4-D, and

2,4,5-T are all systemic toxicants. It is important to note that, in the case of systemic
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toxicity, hazard quotients are not additive for different chemicals where their

respective RfD's are based on different target organs. RlD's and their bases are listed

in Table 4.10 as the primary effect on which each chemical's RfD is based. For TCDD

the primary effect is fetotoxicity; for 2,4-D it is renal toxicity;, and for 2,4,5-T it is

reduced neonatal survival. As a result, hazard quotients are presented separately for

all three chemicals and are not added into a single hazard index.

The noncancer hazard quotient assumes that there is a level of exposure (i.e.,

RfD) below which it is unlikely for even sensitive populations to experience adverse

health effects. if the exposure level (i.e., average daily intake) exceeds this threshold

(i.e., if the hazard quotient exceeds unity), there may be concern for potential

noncancer effects. It is important to note that the level of concern does not increase

linearly as the RfD is approached or exceeded because RfDs do not have equal

accuracy or precision and are not based on the same severity or toxic effects. Thus,

the slopes of the dose response curve in excess of the RfD can range widely depending

on the substance (EPA, 1989c).

For all three compounds (i.e., TCDD, 2,4-D, and 2,4,5-T) inhalation, only oral

RfDs were available, and only an oral cancer potency factor (or UCR) was available

for TCDD. Therefore, it was necessary to adjust these toxicity benchmark values,

which were based on exposure (administered) dose to account for absorption. This

route-to-route extrapolation method as been described by EPA (1989c) and is used to

express the toxicity expected from an absorbed dose. Additionally, these adjvsted

toxicity benchmark values must then be used with inhalation exposure values which

have also been adjusted to estimate absorbed dose. The uncertainties associated with

this method include the fact that "point-of-entry" toxicity (i.e., in the lungs) cannot

be estimated from oral toxicity data. Furthermore, unlike orally administered

compounds, inhaled chemicals would not be subjected to first-pass hepatic metabolism

before reaching the systemic circulation. Therefore, a toxic effect attributable to an

active metabolite might be more pronounced if the compound was administered
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orally. Conversely, the pulmonary absorption of a toxic parent compound that

undergoes little or no first-pass metabolism may result in a greater dose of the toxic

moiety entering the systemic circulation than if the compound was absorbed orally.

5.1 Quantitative Assessment of Risk

All parameters used in calculations leading to the expression of carcinogenic

and systemic toxicity risks are presented in Table 5.1 for the current scenario and

Table 5.2 for the two future use scenarios. Although all media were considered in the

analysis, lack of or inadequate monitoring data on water and marine biota reduced

multimedia considerations to air only. For this medium, both vapor phase and

chemical-bound particulate were factored into the calculations.

For the current scenario, the cancer risk from exposure to TCDD is 3 x 105 for

the TMEI and 3 x 10-5 for the AMEI. The hazard quotient from exposure to TCDD

is 0.76 for the TMEI and 0.76 for the AMEI. The hazard quotient from exposure to

2,4-D is 0.0014 for the TMEI and 0.00051 for the AMEI. The hazard quotient from

exposure to 2,4,5-T is 0.0015 for the TMEI and 0.00095 for the AMEL

For the future-use scenario involving excavation (Scenario 1), the cancer risk

from exposure to TCDD is 8 x 10-7 for the TMEI and 8 x 10-7 for the AMEI. The

hazard quotient from exposure to TCDD is 0.52 for the TMEI and 0.52 for the AMEI.

The hazard quotient from exposure to 2,4-D is 0.00090 for the TMEI and 0.00034 for

the AMEI. The hazard quotient from exposure to 2,4,5-T is 0.0010 for the T1EI and

0.00063 for the AMEI.

For the future-use scenario involving paving (Scenario 2), the cancer risk from

exposure to TCDD is 2 x 10-7 for the TMEI and 2 x 10-7 for the AMEI. The hazard

quotient from exposure to TCDD is 0.25 for the TMVEI arid 0.25 for the AIEI. The

hazard quotient from exposure to 2,4-D is 0.00045 for the TMEI and 0.00017 for the
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AMEl. The hazard quotient from exposure to 2,4,5-T is 0.00049 for the TMEI and

0.00031 for the AMEI.

5.2 Uncertainties

As in exposure assessment (see Section 3.4), there are uncertainties associated

with the dose-response component of risk assessment. The EPA is now considering

new evidence to suggest that TCDD may be a threshold carcinogen dependent on

receptor-mediated (aryl hydroxylase) binding into a ligand-receptor complex for all

dioxin-induced effects, and that this binding is rate-limiting. Furthermore, the

complex must undergo activation and translocation into the nucleus as a prerequisite

for effect. The Agency is now considering lowering the slope factor by two-fold, which

would have an impact on the ultimate expression of risk. At this time of report

preparation, the IRIS file on TCDD has been pulled while deliberations are underway

on this issue.

As recorded in Table 4.10, the level of confidence in the studies used to develop

RfD's for all three chemicals can be highly variable for a great variety of reasons

having to do with the quality of available science. No level of confidence is presented

for TCDD; levels of confidence for 2,4-D and 2,4,5-T are described as medium,

creating a margin of uncertainty.

Susceptibility to chemical toxicity among potential human receptors can also

be highly variable due to preexisting general morbidity of residents on the Island,

particular sensitivities among individuals (e.g., pregnant women), and such other

factor as genetic predisposition to cancer.

Determination of carcinogenic risk from exposure to TCDD is typically

amortized over a lifetime of 70 years. While exposure for the current scenario was

assumed to have a maximum duration of 25 years (based on first exposure in 1972
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and paving, excavation, or some other modification to the site in 1997), for some

individuals, lifetime may be fewer or greater than 70 years, creating an element of

uncertainty in the risk calculation.

Section 4.0 included a discussion on the toxicity of HO as a mixture. However

there is insufficient evidence to formulate either a composite RfD or additive hazard

quotients. As a result, any synergistic, potentiative, or antagonistic effects posed by

exposure to the three chemicals in combination could alter the benchmark values

used to calculate risk. These toxicological phenomena could not be accounted for in

this analysis.

Finally, the uncertainties posed by dose-response data and the toxicity

benchmark values derived from them for the determination of risk are compounded

on top of the uncertainties assoiated with exposure assessment, as expressed in

Section 3.4. Together they may result in a risk determination that can be off by as

many as two orders of magnitude.
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6.0 Ecological Effects

Johnston Island is a coral atoll occupying 626 acres in the Pacific Ocean,

717 nautical miles southwest of Honolulu. The island was expanded from an area of

60 acres by the deposition of local dredged material in 1942. The marine ecosystem

in the waters surrounding the Johnston Atoll is typical of a diverse tropical

Indo-Pacific reef community. One hundred ninety-three fish species and 164 V
invertebrate species have been identified (Amersorn and Shelton, 1976). The

terrestrial fauna at the Johnston Atoll comprises about 40 species of birds, many of

which brood on the nearby Sand Island. Relative to the marine community, the

terrestrial ecosystem is less diverse since the island is arid, only seven feet above sea

level, and has no tropical forest. No information was available on other terrestrial

fauna and flora. Most of the land on the island is taken up by a 9,000 foot runway

and military buildings associated with the chemical agent disposal system and,

therefore, would provide poor habitat for most species.

As part of the investigation of contaminant effects at JI, this section describes

the sampling and analysis of' TCDD in sediments and biota, analyzes possible

exposure o0 ecological receptors (fish, invertebrates, and birds) to dioxin, and assesses
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risks. Risks to the ecological community resulting from exposure to 2,4-D and 2,4,5-T

have not been assessed because these substances were not monitored in the present

study.

6.1 Sampling Data

From 1985 through 1988, sediments were sampled from four areas of JI.

Areas 1 through 3 are near the inner reef in the vicinity of the HO site, while Area 4

is on the opposite side of the Island (Figure 1). While a total of 38 samples were

collected (Table 1), only 26 were identified by sampling area. In Area 1, dioxin was

detected in one of 11 samples at a concentration of 160 parts per trillion (ppt). In

Area 2, dioxin was detected in one of seven samples at a concentration of 190 ppt.

Dioxin was not detected in the four Area 3 samples or the two Area 4 samples.

Samples were collected from a variety of fish, invertebrate, and bird species

from 1984 through 1989 (Table 2). A total of 199 tissue samples (44 fish species, 13

invertebrate species, 2 bird species) were analyzed for dioxin. Samples of aquatic

species were collected from Areas 1 through 4, Area 5 (inner reef), and Area 6 (outer

reef) (see Figure 1). Samples of birds were collected on land near the Formal HO

Storage Area.

A total of 32/199 tissue samples contained detectable concentrations of dioxin.

Frequency of detection for the fish, invertebrate, and bird samples from each area is

listed in Table 2.1. Analysis of the fish and invertebrate tissue data is complicated

by the use of different organs (liver, muscle, and unspecified organs) for various

samples. In addition, differences in habitat and feeding strategies are likely to result

in variable uptake. Nevertheless, for the purpose of summarizing the data, all fish

(whole body, muscle, or unspecified), crab, snail, octopus, and sea cucumber data have

been summa-r zed for each area.
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A total of three bird samples were analyzed. TCDD was not detected in any

of the samples which included one liver sample and two unspecified organ samples.

6.2 Toxicological Profile for TCDD

The toxicity of dioxin to fish and wildlife was reviewed by Eisler (1986).

Dioxin is toxic to fish at low and sub-ng/L levels which makes it one of the most toxic

compounds tested in aquatic organisms. Mehrle et al. (1988) reported significant

increases in mortality and decreases in growth in rainbow trout (Oncorhynchus

mykiss) exposed for 28 days to 0.038 ng/L followed by a 28-day observation period.

Recently, Wisk and Cooper (1990) exposed Japanese medaka (Oryzias latipes)

embryos to dioxin beginning on the day of fertilization and continuing until hatch (11

to 14 days). A statistically significant increase in the incidence of lesions occurred

at 0.4 ng/L. Eisler's (1986) review stated that the highest tested concentration that

did not produce adverse effects was 0.01 ng/L.

Due to its low water solubility, estimated at less than 20 ng/L (Marple et al.,

1986), releases of dioxin to the aquatic environment tend to result in accumulations

in sediments and biota (Eisler, 1986). Eisler (1986) cited studies in which higher

levels of dioxin were found in bottom-feeding versus top-feeding fish, indicating the

likely importance of sediments as a source. Dietary uptake may also contribute to

body burdens as substantial levels of dioxin were measured in fish gut contents

(Young and Cockerham, 1985; as cited in Eisler, 1986). Mehrle et al. (1988)

estimated a bioconcentration factor (steady state fish muscle concentration divided

by water concentration) of 39,000. Monitoring studies have identified measurable

levels of dioxin in field samples of fish and crab tissues (e.g., Belton et al., 1985; Ryan

et al., 1984). Studies in New Jersey have resulted in closure of the Passaic River to

the harvesting of fish and shellfish because dioxin v as frequently found in fish and

crabs at concentrations exceeding the FDA levels of concern (Belton et al., 1985).
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Several studies were found linking tissue residues with toxic effects. The

Mehr!e et al. (1988) study, which reported increased mortality and decreased growth,

measured mean whole body dioxin concentrations of 0.74 ng/g (=740 ppt). Branson

et. al. (1985) exposed rainbow trout to 0.107 ng/L dioxin for 6 hours and monitored

elimination over 139 days. Dioxin body burdens at the end of the study were 650 ppt

in whole fish, 260 ppt in muscle, and 2710 in liver. In these fish, there was reduced

growth relative to controls and evidence of fin rot. The embryo exposure study of

Wisk and Cooper (1990) reported that lesions were reported in embryos containing

240 ppt dioxin.

Dioxin is known to bioaccumulate in fish-eating birds (reviewed by Walker,

1990). Braune and Norstrom (1989) measured dioxin concentrations in herring gulls

(Larus argentatus) and alewife, which comprise a major portion of their diet, from

Lake Ontario. Mean whole body dioxin concentrations were 127 ppt in gulls and 4

ppt in fish. A biomagnification factor (whole body bird/whole body alewife

concentration) of 32 was calculated. Egg levels may be similar to whole body levels;

mean dioxin levels in herring gull eggs and whole body tissues were 83 and 127 ppt,

respectively.

Elliott et al. (1989) reported that population declines in great blue herons

(Ardea herodias) in British Columbia coincided with a tripling of dioxin levels in eggs

from 66 to 210 ppb. These researchers cited studies in which colonial waterbird

population declines occurred when dioxin levels exceeded 2000 ppt and began to

recover when levels decreased to below 500 ppt. These field studies have not

established causal relationships; controlled laboratory studies are required. Eisler

(1986) cited a laboratory study in which chick edema disease (pericardial,

subcutaneous, and peritoneal edema accompanied by liver enlargement and necrosis)

occurred in domestic chickens fed dioxin at 1 or 10 ppb for 21 days. This disease was

frequently lethal.
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6.3 Risk Assessment

Releases of HO have exposed fish and invertebrates and possibly birds to

dioxin. Only a rough estimate of risk is possible given the limitations of the data.

When possible, risks were assessed by comparing body burdens with levels associated

with toxic effects.

6.3.1 Aquatic life

The highest concentration of dioxin was reported in the crown squirrelfish.

Squirrelfishes tend to remain close to the bottom and do not travel long distances

(Migdalski and Fichter, 1976). These behaviors may increase their exposure to

localized sources of dioxin in sediments. Out of four samples (three Area 1; one

Area 2), TCDD was detected in one sample from Area 1 at 352 ppt and in one sample

from Area 2 at 472 ppt. These concentrations exceed the 260 ppt measured in

rainbow trout muscle that was associated with decreased growth and fin lesions

(Branson et al., 1985).

The only other fish species with concentrations exceeding 100 ppt was the

yellowfin goatfish. Three samples were collected in Area 1, where concentrations

were 11, 85, and 102 ppt. TCDD was not detected in single samples of this species

from Areas 2 and 5. Goatfishes are bottom feeders (MNigdalski and Fichter, 1976),

which may account for their enhanced body burdens. The maximum reported

concentration is nearly one-half the 260 ppt reported as toxic by Branson et al.

(1985).

Several invertebrate samples were detected at levels between 14 and 28 ppt.

The only invertebrate sample detected at greater than 100 ppt was a "snails" sample

from Area 2 measured at 120 ppt. No data linking tissue concentrations with effects

in snails could be located.
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Uncertainties in the analysis result from the collection of a small number

(usually less than five) samples of each species in each area. In addition, in some

samples either the species or organ that was analyzed or the collection site was not

reported.

6.3.2 Birds

In three samples of birds, there were no detectable concentrations of dioxin.

Further sampling is recommended to more adequately characterize risks.

6.4 Regulatory Concentrations

EPA has not issued ambient water quality criteria for the protection of aquatic

life from exposure to dioxin (F. Gostomski, EPA, personal communication,

January 22, 1991). FDA advisory levels are for the protection of human health rather

than aquatic species. No sediment quality criteria have been published or proposed

for dioxin.
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7.0 Data Requirements A/sessment

The EPA (1989) recommends that the data needs for the RI/FS be addressed

at the site scoping meetings. Developing a comprehensive sampling and analysis

plan (SAP) during the scoping meeting allows all of the data needs for the RIFFS,

including the risk assessment, to be met. The data needs are identified by

determining the type and duration of possible exposures (e.g., acute, chronic),

potential exposure routes (e.g., fish ingestion, dust inhalation), and key exposure

points (e.g., work areas) for each medium. These same types of considerations are

also important for the ecological risk assessment. Data needs may have to be

addressed before a more comprehensive risk assessment can be performed.

While there is always a need for better empirical data on toxicity, dispersion

modeling, and general methodologies for expressing risk, monitoring data is usually

site-specific and can be tailored to specific features of the site. There has not been

a systematic effort in collecting the needed monitoring data at the HO site. To date,

the most definitive data-collection activity has been the soil characterization study

by Crockett et al. (1986). Data that can be obtained to convert this risk assessment

into a more realistic multimedia approach are presented below. Many of these needs
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were presented in the trip report for the site visit (Appendix C). Although the

indicated supplemental data collection would provide the complete range of

information needed for a full baseline risk assessment, there are some pieces of

information that are more important than others, so that the individual needs may

need to be ranked in priority order. This may preclude the necessity of having to

pezform all recommended procedures.

7.1 Air Sampling

The risk assessment used estimated values for the particulate and vapor phase

emissions from the site. Air sampling would characterize the particulates and vapors

coming from the site. Particle size distribution will enable determination of the

percentage of respirable dust. To determine the wind erosion around the site several

Hi-Vol samplers, equipped with particulate traps, could be placed downwind around

the fence line. At the southwestern fenceline the odor of 2,4-D was detectable during

the site visit, indicating that there may be significant vapor emissions from the site.

Organic vapor phase samplers capable of collecting dioxins, 2,4-D, and 2,4,5-T can be

placed around the site to characterize ambient air concentrations. There are other

potential sources of dioxin on JI, including JAGMDS, the burn pit, and the fire

training area. Sampling would permit source apportionment of dioxin from each of

these sites.

7.2 Soil Sampling

The characteristics of the soil can have an influence on the bioavailability of

dioxins and the other chemicals. Soil moisture content, organic content, and particle

size distribution are missing elements that are important for lowering the uncertainty

in the soil exposure calculations. It was originally planned to vertically sample the

TCDD hot spots, but sample results were not available in time to accomplish this,

and, therefore, some hot spots were missed in the vertical soil sampling. These hot
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spots could now be sampled vertically for all three compounds, TCDD, 2,4-D, and

2,4,5-T. Only 15 plots were sampled for 2,4-D and 2,4,5-T, presenting a spacial

distribution for these compounds inadequate for risk assessment. More plots could

be sampled for these two compounds. One method that can be used to accomplish

this is to revisit the 48 plots that were originally vertically sampled. These 48 plots

could be sampled for all three chemicals of concern. This sample design wculd have

two benefits: (1) better knowledge of the spacial distribution for 2,4-D and 2,4,5-T;

and (2) knowledge of the fate of these chemicals over time.

7.3 Sediment Sampling

Channell and Stoddart (1984) found positive sediment samples near the

western shore, prior to construction of the seawall in that area. This areq could be

revisited to determine if the seawall is performing according to its intended function.

More sediment samples are needed to better characterize the spacial patteni of

contamination. A grid pattern similar to the soil sampling protocol would help to

characterize the spacial contamination pattern. These samples should include areas

close to the shoreline.

7.4 Water Sampling

7.4.1 Seawater Sampling

No seawater sampling has been conducted off the former HO site. The U.S.

Fish and Wildlife (1987) report that TCDD lePls of 38 pg/I are toxic to fish. Toxic

endpoints include severe adverse effects on survival, growth, and behavioral

responses. With this potency, seawater sampling may be important.
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7.4.2 Groundwater Sampling

The groundwater under the former HO site has never been sampled and may

be a vital link in any discovery of HO site-related fish contamination. Groundwater

sampling could proceed as described in Appendix C.

7.5 Biological Sampling

More sampling can to be performed within Site 3 to determine if contaminated

fish are in this area. No biological samples have been analyzed for 2,4-D or 2,4,5-T.

It is not possible to assess the potential impact from fish ingestion for these two

chemicals if this analysis is not performed. Walsh In (1984) and Randall (1961)

demonstrated that several adult fish species can have large movements. A study

could be performed to ascertain if these migratory fish species are moving from the

waters adjacent to the former HO site into fishing waters (e.g., Zones 5 and 10 in

Figure 3.1). Sampling and analysis of fishermen's catches can be easily used to

determine if humans are consuming contaminated fish. This is the only study that

would demonstrate if the fish being consumed are contaminated.

7.6 Ecological Risk Sampling Recommendations

Further field investigations may be needed to adequately characterize the

ecological risks at JI. Any additional research should be coordinated with the work

underway by Dr. John I. abelle of the Woods Hole Oceanographic Institute in support

of the JACADS monitcring program. Additional sampling programs could be

designed so that statistical comparisons can be made between concentrations in the

different areas. In such 'n investigation sediment sampling would be expanded to

allow better characterization of the spatial pattern of contamination. Biota samples

would be focussed on species whose behavior may lead to greater levels of

contamination (e.g., bottrm fedng resident species). Organisms that are important
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parts of ma-ine food chlins (e.g., small invertebrates such as marine worms) would

be sampled. Based on the available data, the crown squirrelfish, yellowfin goatfish,

snails, and crabs are good candidates for further sampling. Increased sampling of

birds may be required to determine whether populations are at risk due to

consumption of contaminated prey (e.g., fish and snails). Sampling could focus on one

or two bird species that tend to be localized on the Island.

Although the contaminant studies should remain focussed on dioxin, it would

be useful to examine several fish samples for 2,4-D. This compound has been

measured at levels as high as 281 ppm in soil camples on the Island (Crockett et al.

1986). Although it is not bioaccumulated to the same extent as dioxin, measurable

residues have been reported in fish from lakes treated with the compound (Frank et

al. 1987) and toxicity data are available (e.g., Cope et al., 1970).
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8.0 Summary

Scope of the study and physical setting. This report contains the results of a

screening-level risk assessment conducted for the Air Force Occupational and

Environmental Health Laboratory concerning the Herbicide Orange (HO) storage site

at Johnston Island (JI). The risk assessment is part of the remedial investigation

and feasibility study (PJ/S) process established by the U.S. EPA for characterizing

the nature and extent of risks posed by hazardous waste sites and for developing and

evaluating remedial options. This process is being conducted in the context of the

U.S. Department of Defense (DoD) Installation Restoration Program (IRP).

JI is currently used for three purposes:

1. In the late 1950's and early 1960's, the island was used to launch

missiles for atmospheric testing of nuclear weapons. During 1962, three

missile aborts caused transuranic contamination on parts of the island.

Launch and support facilities at JI are maintained in a caretaker status

in case testing is deemed necessary for national defense.
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2. JI has been designated as a chemical warfare destruction site and the

Department of the Army maintains the Johnston Atoll Chemical Agent

Disposal System (JACADS) on the Island. JACADS is involved in active

thermal destruction of CW agents.

3. Johnston Atoll, including JI, is a National Bird Refuge, largely because

of bird populations on nearby Sand Island. Among the few species of

animal life swimming in waters off JI is the green sea turtle, currently

classified as an endangered species. The Island is also used as a

chemical munitions storage site.

The Island is inhabited with military personnel and civilian employees of DoD

support contractors. The tour of duty for military personnel has generally run 1 to'V

2 years. Civilian personnel have generally been on the Island for longer periods of K.

time (5 years but as many as 15 years or more). No children reside on the Island,

although there is a potential for fetal exposures.

Site characterization. During the period from 1972 to 1977, JI was also used L

for temporary storage of Herbicide Orange ( ,HO),. A total of 1.37 million gallons of HO V
in 26,300 fifty-five gallon drums were transferred to JI from South Vietnam in 1972. 7

The drums were stored on a 4-acre site on the northwest corner of the Island. The

HO was successfully incinerated at sea in 1977. Corrosion of drums while in storage

resulted in HO leakage at a rate of approximately 20 to 70 drums per week.

Approximately 49,000 pounds of HO are estimated to have escaped into the

environment annually during the storage period. The site is now contaminated with

the active ingredients of HO: 2,3,7,8-tetrachloro-dibenzodioxin (TCDD); the n-butyl

ester of 2,4-dichlorophenoxy acetic acid (2,4-D); and the n-butyl ester of 2,4,5-

trichlorophenoxyacetic acid (2,4,5-T).
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For this risk assessment, the chemicals of primary concern are TCDD, 2,4-D,

and 2,4,5-T. The site is bounded by a seawall to the west-northwest, an open area

and storage area to the east-southeast, a roadway to the south, and several limited-

use operations to the west: a transformer, beacon building, Hi-Vol sampler associated

with JACADS, fire training area, and burn pit. Access to the site itself is restricted

by a fence on all landlocked sides. Soil on the site is contaminated with the three

chemicals of concern. Soil samples taken in 1986 contained surface residues of TCDD

(nondetect at 0.1 ppb to 163 ppb), 2,4-D (2.5 to 281,330 ppb), and 2,4,5-T (53 to

237,155 ppb). Soil samples also contained subsurface residues of TCDD (nondetect

to 510 ppb), 2,4-D) (nondetect to 365,202 ppb), and 2,4,5-T (nondetect to 682,247 ppb).

Measurement of these substances in air, groundwater, seawater, and sediments have

not been conducted. Analysis of marine biota for TCDD has revealed residues

ranging from nondetect to 472 ppb. Subsurface soil and marine biota samples were

limited to the point of greatly confining the scope of the exposure and risk

assessments.

Exposure assessment. The potential for exposure to TCDD, 2,4-D, and 2,4,5-T

for persons engaged in activities proximal to the HO site is dependent on numerous

factors including the physical setting of the site (i.e., climate, vegetation, soil type,

and hydrology), as well as features of the potentially exposed populations. The

frequency and duration of potential exposure depends on population demographics

and human activities patterns associated with land-use around the site.

The site is currently not in use, is dormant, and has limited access by a

surrounding fence. However, potential avenues of human exposure include

volatilization of the contaminants into the air, suspension of particle-associated

compounds into the air due to wind erosion, and consumption of edible marine life

that have become contaminated in the waters adjacent to the site. For purposes of

assessing current or '"baseline" risk from exposures related to the HO site, only the

air pathway was evaluated. Wind erosion was judged to be non-significant for the
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undisturbed site, whereas, ingestion of contaminated marine biota, while considered

plausible, could not be performed to due the lack of sufficient data.

For exposure through the air medium, important human activities indude, but

are not necessarily limited to, occupational operations associated with the seawall,

the electrical transformer, the Hi-Vol sampler, the beacon building in the immediate

area, the fire training area, the rip-rap area used as a boat-launch site, and the burn

pit at an intermediate distance.

Two future scenarios that would alter exposure potential from that presented

by current land conditions which were considered in this report are: (1) remediation

through excavation; and (2) covering of the site with cement. For purposes of

assessing potential inhalation exposures due to the release of particle-associated

compounds resulting from future-use activities, emission rates were estimated for

each activity (i.e., unloading and loading of contaminated soil, vehicular traffic, wind

erosion) wit-hin each scenario (i.e., excavation or cement cover construction).

For both vapor-phase inhalation potentially occurrinz during the current

scenario, as well as vapor-phase and particle-associated inhalation potentially

occurring during the two future-use scenarios, exposure was estimated for the

Theoretical Most Exposed Individual (TMEI), as well as an Alternate Most Exposed

Individual (AMEI). The TMEI was assumed to have access to the entire perimeter

of the HO site; whereas, the AMEI has access to only the fenceline (southern side of

the site).

To estimate the air concentrations (g/m3) of both vapor-phase and particle-

associated TCDD, 2,4-D, and 2,4,5-T, a screening-level atmospheric dispersion

modeling analysis was conducted to estimate one-hour, eight-hour, and annual

average concentrations of these compounds around the perimeter of the HO site.

These predicted air concentrations were then used to estimate inhalation exposures
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and lifetime average and average daily absorbed doses to the TMEI and the AMEI.

The estimated absorbed doses where then used to assess cancer and noncancer risks,

respectively.

Toxicity assessment. For noncarcinogenic toxic endpoints, TCDD appears to be

approximately seven orders of magnitude more potent than either 2,4-D or 2,4,5-T,

with oral RfD's of 1 x 10"9, 1 x 10.2, and 1 x 10-2, respectively. The primary critical

effect seen for TCDD was fetal survival and the secondary critical effect seen was

renal damage. The primary critical effect seen for 2,4-D was renal damage and the

secondary critical seen was hematologic and hepatic effects. The RfD for 2,4-D was

based on studies producing a medium level of confidence. For 2,4,5-T the primary

critical effect was neonatal survival, and the secondary critical effect was increased

urinary coproporphyrin excretion. The R1D for this chemical was based on studies

producing a medium level of confidence.

For both 2,4-D and 2,4,5-T an evaluation of their carcinogenicity cannot be

made on the limited animal data available. TCDD is classified as a B1 carcinogen

when associated with phenoxy herbicides and/or chlorophenols. In animal studies

TCDD has been shown to be a potent carcinogen with an oral slope factor of

1.56 x 105 (mg/kg/day)'-. Increased incidences of cancer have been observed in lungs,

liver, hard palate, and nasal turbinates. Epidemiological studies have produced only

a potential correlation of an increased risk of soft-tissue sarcomas for chemicals

contaminated with TCDD.

Human health risk assessment. Characterization of risk based on the results

of the exposure assessment for inhalation of vapor-phase TCDD revealed that current

or baseline lifetime excess cancer risk associated with the undisturbed HO site was

approximately 3 x 10-5 for both the TMEI and the AMEI. This is equivalent to 3

excess cancer cases occurring among 10,000 individuals exposed for a period of 25

years during their lifetime. TCDD-associated estimated cancer risks resulting from
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excavation and cement cover construction activities were 8 x 10'7 and 2 x 10"7,

respectively, for both the TTEI and the A"TEI. The magnitude of these cancer risk

estimates are within the Superfund site remediation goals (i.e., cancer risk range of

104 to 107); however, it is plausible that additional lifetime excess cancer risk may

be present due to ingestion of contaminated marine biota. This exposure pathway

has not been adequately characterized and was not included in the risk

characterization.

For the current scenario, noncancer risks, as measured by hazard quotients

from exposure of the TMEI to TCDD, 2,4-D, and 2,4,5-T, were 0.76, 0.0014, and

0.0015, respectively; whereas, the hazard quotients from exposure of the AMEI to

TCDD, 2,4-D, and 2,4,5-T were 0.76, 0.00051, and 0.00095, respectively.

For the future excavation scenario, noncancer risks, as measured by the hazard

quotients from exposure of the TMEI to TCDD, 2,4-D, and 2,4,5-T, were 0.52,

0.00090, and 0.0010, respectively; whereas, the haard quotients from exposure of the

AMEI to TCDD, 2,4-D, and 2,4,5-T were 0.52, 0.00034, and 0.00063, respectively.

For the future cement cover construction scenario, noincancer risks, as

measured by the hazard quotients from exposure of the TMEI to TCDD, 2,4-D, and

2,4,5-T, were 0.25, 0.00045, and 0.00049, respectively; whereas the hazard quotients

from exposure of the AMEI to TCDD, 2,4-D, and 2,4,5-T were 0.25, 0.00017, and

0.00031. respectively.

Similar to the cancer risk estimates for TCDD, these noncancer hazard

quotients are within the Superfund site remediation goals (i.e., less than 1.0).

However, noncancer risk resulting from ingestion of contaminated marine biota has

not been evaluated.
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Uncertainties associated with this analysis. There are several significant

uncertainties associated with soil characterization, exposure assessment, and risk

characterization. The two future-use scenarios, remedial excavation or surfacing with

unknown pretreatment, are hypothetical and not necessarily reflective of actual

future use. Many empirical and site-specific assumptions were made in the exposure

assessment, including body weight, inhalation rate, pulmonary deposition rate,

construction vehicle weight, number of wheels rolling over the site, duration of

excavation, duration of the soil covering activity, physicochemical features of the soil,

threshold wind velocity, diffusion and air-soil partition coefficients, and spatial

distr.bution of 2,4-D and 2,4,5-T on the surface and in vertical profiles. In addition,

other variables were unaccounted for in the analysis. They include population

transience, male/female differences in exposure, presence of other isomers of dioxin

and other chemicals on the Island and prior or concurrent exposures to them,

atmospheric transformation and soil photodegradation of the chemicals of concern,

groundwater contamination, and potential concurrent exposures from JACADS.

With regard to toxicity and dose-response parameters associated with the risk

calculation, uncertainties include what is currently a rethinking of the mechanism

of toxicity of TCDD in the scientific community (which would affect the benchmark

toxicity value used in the risk calculation), medium levels of confidence in the RfD

"values used, and the potential for sensitive individuals and those with preexisting

morbidity to be exposed to chemicals at the HO site. In addition, the assumed

periods of maximum exposure (25 years) and lifetime risk (70 years) may be incorrect.

Lastly, synergistic or other toxicological phenomena caused by chemical interaction

are unknown.

Ecological risk. A limited data base permitted only a preliminary ecological

risk assessment. Sediment sampling indicates several locations of dioxin

contamination. Among resident fish species sampled at the site, the crown

squirrelfish had the highest dioxin levels in several samples (352 and 472 ppb).
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These concentrations exceed levels reported to be associated with toic effects in the

rainbow trout. Further sampling of fish, invertebrates, birds, and sediments is

needed to characterize the spatial pattern of contamination and to assess ecological
risks.

Needs assessment. There is a fairly large uncertainty associated with the

calculation of human health and ecological risks for the HO site because of a

consistent lack of appropriate scientific information. It is recommended that

uncertainty reduction be given a high priority in any future activities concerning HO

site closure. With specific regard to the air component of the risk assessment, it is

recommended that particulate and vapor-phase concentrations of TCDD, 2,4-D, and

2,4,5-T be conducted. Since ambient air concentrations of these chemicals is

dependent on soil characteristics, it is recommended that additional soil sampling be

performed to characterize soil moisture and organic content, particle size distribution,

and spacial distributions of the chemical contaminants. Sediment and water

sampling is recommended to determine which medium or media contain the potential

source of the fish contamination. Further biological sampling is recommended to

better characterize the potential for hum=an exposure to contaminated fish, and (as

a National Bird Sanctuary) the risks to the avian populations on the Atoll.
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(21 JUL 89 - 20 JUL 90)

INTRODUCTISO

Construction of the Johnston Atoll Chemical Agent Disposal
System (JACADS) project has been completed, and operations began
in June 1990. The potential for adverse environmental effects is
a concern, which has been addressed in environmental imnact
statements (U.S. Army Corps of Engineers 1983, 1985). This
concern has led to a number of studies of the atoll's surroundina
environment and biota (Applied Eco-Tech Services, Inc. 1983:

41 'Balazs 1984; Irons et al. 1984; Lobel 1984, 1985; Agegian and
" Abbott 1985; Dee et al. 1985; Keating 1985; Randall et al. 1985:

"Irons et al. 1986: Irons et al. 1987, 1988, 1989). There have
been several previous studies of elements of the Johnston Atoll
lagoon flora and fauna (Smith and Swain 1882: Edmondson et al.
1925; Fowler and Ball 1925: Clark 1249: SchUltZ et al- 1953;
Halstead and Bunker 1954; Gosline !955; Banner and Helfrich 1964:
"Moul 1964: Brock et al. 1965, 1966; Buggeln and Tsuda 1956; Jones
1968; Brock 1972, 1982; Bailey-Brocc 1975; Amerson and Shelton
1976; Jokiel 1976: Maragos and Jokiel 1986). A systematic survey
of the nature and distribution of the living aquatic resources is
of particular concern because of the status of Johnstcn Atoll as
a National Wildlife Refuge.

The first portion of the initial study (Irons et al. 1984)
was designed to characterize, descri:e and evaluate the shallow-
water ecosystem of the atoll as a whole, in an attempt to better
assess its environment and resources. This included identifying
the zones or "ecotypes" (Fig. 10), based on physical and
biological similarities, that appeared distinctive within the
atoll ecosystem (Irons et al. 1984).

The second portion of the initial study (Dee et al. 1985)
had two distinct but related objectives: i) detailed resource
measurement and status monitorlng, and 2) assessment or the
nature and level of harvest. Subsequent work during Phase Two
(Irons et al. 1986), Phase Three (Irons et al. 1987), Phase Four
(Irons et al. 1988), Phase Five (Irons et al. 1989), and the
present phase (Phase Six) have continued with the same
objectives. The detailed resource measurement and status
monitoring is intended to obtain more complete and quantitative
abundance, distribution, and population charactaristic data for
the non-cryptic macrofauna within a representative set of long-
term monitoring stations. Using standardized methods, the

resources at the long-ter= stations have been monitored
periodically to detect differences in the resource populations as
JACADS progresses.

To the extent that spatial patterns of fishing/collecting
activity permit, it is desirable to maintain a pair of pnyaically
and ecoiogically similar stations, one with a fairly high present
level of harvest and one Yith a low level. Differences over time
in the unharvested monitoring statlcn will reflect cnances

unrelated to harvest - either natural variability or changes
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abundance and distribution of cryptic species, such as
soldierfish and bigeyes. These were conducted by searching all.
possible hiding places where cryptic species may be found
throughout two areas of 900 m2 each, within a station.

The overall area characterization consisted of a
quantitative estimate of percent algal and coral cover (corals .y J

species), invertebrate abundances, and physical characteristIcs
of the station area. Over..ll characterization methcds were
basically as in Irons et al. (1984) except that a numerical value
was assigned for bottom coverage of most sessile forms (Appendix
A).

To assess the fishery at Johnston Atoll, two methods were
used: 1) fishermen's catch reporting, and 2) creel census. The
catch reporting program was started in February 1984, and has
"been ongoing throughout the project whenever fishing was
permitted. Boxes containing catch report forms (Appendix B, Fig.
1) were placed at the six nost frequently fished locations on
Johnston Island: port control, Hama point, Hashi's shack, the
east and west ends of the main pier, and the boathouse (between
port control and the main pier) (Fig. i). Catch reports provided
infornmation on species and numbers of animals caught and/or
collected: date, time, and location caught/collected. amount and
types of gear used; hours spent fishing; and identity of
fishermen. A catch report was recquested each time anyone did any
kind of fishing and/or collecting, even if there was no catch.
The catch report format was designed and the report boxes were
located and maintained so as to make the report ing process as
simple and painless as possible for all fishermen. Consistent
and accurate catch reporting was constantly stressed by Unit

project staff. Serious declines in voluntary catch reporting
during the report year ending 1987 resulted in the implementation
of a new form (Appendix B, Fig. 2) combining recreational boat
sign-out procedures with a mandatory catch report to be filled
out upon the fisherman's return. A serious decline in 31
shoreline catch reporting during the report year ending 1989 made
this shoreline information unusable. Subsequently, Unit

personnel and island management personnel have been unable to
determine a satisfactory method of enforcing mandatory reporting
of J3 shore catch. As a result, no data for J3 shore catch will
be reported. However, Unit personnel continua to encourage 31
shore catch reporting and continue to collect the completed .1
shore catch forms.

Creel census was pqrformed by the Unit project staff on
catchez made by fishermen. It consisted of recording pertinent
data, such as nurmbers of each species caught, weights, lengths,
and sex (if discernible) of specimnns, date, gear used, ant the
names of fishtermen. Catches involving the usn of boats wern
censused at th2 toathouse. oue to the work schdule of Johnston
Atoll people, approximately 701 oZ all fishina occirn on Sundays.

For this reason creel census was routinely conducted only on
Sundays. Thin allowed a uicnificznt portion of t-e hareSt to be te
examined w,,h mlnimum tlma and effort.

5 (pages 6-24 not included)
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considerably reduced the negative trend in 11=ean total number per

census" (Table 3). By extension, variability of recruit~ment

occurri4ng for a good many species might contribýute heavily to the

overall popu~lationl pattern observed.
All the communitj analyses combined showed nlo clear seasonal

variationls in the1 fish communities at the monitoring stations.

However, there were differences in the fish commuli't-Jes between
stations. Stations P3 and P7, which arn b .oth located in

different habitat types from Stations P1, P5, and P6, have very
different fish. communities. Station P3 has a signifEicantly lower

mean nu~rber (as datermined by paired t-tests) of total
individuals observea on the fish transect censuses when compared

to Stations P1, P5, and P6. In some previous phases of this
study and in the present phase, Stati on P7 has had a

significantly higher number (as determ-ined by paired t-tests) o4f

cte iastu st-r: -cu-s and Acnnthýurs narijueisthan any

o ther stationl. Station PS snowed no significant differences fo

Stations P! and P6 ;in the t-tests and dendr-ograms, but It- is the

only place where the whitecnee~k surgeonfish (alh~

g_1aucc.2a--U) is seen.
in additionl, naired t-tests were performed on some species

that are often importzant Inl the catch (i.e. , M r~~
the doutlebar goat!!5h g s, uene s 1_ g the manytar

goat±~h Z~ ~the blue goatf sh =tj I~l~4J
the Samoan goatf~sh (~ie flavop etul the r-d-derflsh

CMy~ag2I.a XaiMieL=12 I, tha b Iu e j ack X ný-nT/~ thea
spe'z.tacled parratf!.sn (Igz~~la~j and ~n~u

seen at Stations P5 and P6. These results also

showed no significant differences between these two stations.
The lack of significant difference~s between these stations, with

similar habitat5 and substantially different fishing, effort, is
consistent with the harlient assessent results in suagesting tha t

there is no significant impact- on the fish czmmuniti.Cs at

Johnston Atoll from "he present level of f1sning.

7H{E FISHERY

General C~haractarlnticn

All fishing at j'chnstcn Atoll (1jA) is suvposedly fo~r

re-cr"etional purlana*s T*hn na~ority Of the"4 fishJ~ng actý_vity and

a votry larqO f:..zti.on of the finfisf cath, i.3 duk- to 1.onch-t~zr
forzinnts"- almost all employees of Holznn and Nrz~ror th a

primel contractor for J'A operation-s. '7The-s . If-15 ne rne r. s',' mcstl

for enjoynnn't, to add f4resn f_3, to th-ejr diet, and to accumulate
CU.9 to froeezeand carr-1 ncma when they takri nt~ leave rrosm :A

at inf ctqunnt intnt-lalm- 72.ri emaindir af t.`e caitar is duo to
,Itan~tnn"- pasannal ntat~oned fo orn to two yearn at J!A

sujch! a3 ni~li~tary?n l5Onnni, and thei employea3 of v,1r..Ou3 jACACZ
Can-nz~r:.An A rOuC!4h at-4.mate, 350 boxes of frnzn :Ush arn

I~d analy lelco vq. curllnq YeeIrn of ~cdndeep-

dnov Ila f!!! PrMA:,,y whco _Ira ~4r~L Mont n~

!:Orondnt*i-.cn .1 xcnlllu 3fv of4,I ~xs
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informat.ion as to how it is disposed of. While there are no
subsistenca inplications to thT consu~p-ion of fish locally atJA, eat•ing f-:!s-f caught fi~sh is clearly an import.ant recreational

and social activity for a nu=.ýar of residents. There is
apparently little waste of tný total fish catch. Many fishermen
give fish to nonfisher-en to take home on leave. There is no
monitoring or control of "oxpoý Vt. Coral and gastropods are
taken by both residents and transients. Disposition of these and
most other invertebrate s5ecies appears to be for personal
collections, or they are used as gifts for family and friends.
The following is a brief dpscr.ition of the nature of the fishery1
for soce of the species (fish and invertebrates) that were major
items in the catch when the study began.

UJ_•2- ':1 -2, the ro0t co=on of the "menpachi"
constituzen the largest catch in nupers of all fish species at
JA. Large numbers of thiz soldi-er4sh are taken by f•is
throughout the year. Prime- areas for nighttime line fishing for
menpachi include Hama point and Red Hat seawall on Johnston
Island (JI), as well as at tho Sand Island pier (Fig. 1). Durinc
the day, large nu=ters of menpachi are taken by spear througnout
Zones 5 and 10 (Fig. 10), wwith most taken in the vicinity of
Station PS. No menpachi are taken by net. Menpachi fishing,
like most fishing at JA, is done almost exclusively by residents.
Most menpachi taken i3 useod for local get-togethers, or is frozen
by fishermen for home leave export.

Prig fU• •• or "aweoweo"' is one of the most
prized fish species at JA. Bigeyes are taken at night by line
from several locations on Johnston Island - main pier. Hama
point, Red Hat seawall - as well as from the Sand Island pier.
During the day, they are occasionally taken by spear throughout
Zone 5, with most of these taken in the vicinity of Station PS.
No aweoweo are taken by not. Aweoweao fishing is done almost
exclusively by residents. They arn taken in small nuebars most
of the year. Occasionally (only a few times a year, usually in
January and Feb'--ary) they are taken in large nu,•ers. Wben
this occuor,, many fhfihe--,n gq, to thre main p Ier at nicht t3 fish
exclunivnly for aweawfo, 'whiicn usually bite nraviy for one or
t4'o days. Awioveo arn unually frozen for home 0eave export.

"uouoa" arn taren alcoit clusively by throw net. Sc.cola of
tr~es flaqo-ail and mullet r'ý-.qnt the shallcw rubbe flat-
around thq shorelines of Akau, Hikina, and Sand .slands, and1
occasionally Johnston Island. rhere are a few reular t-row net
f~nir-:n (all ro.sidents;) wro ta.'( t.ses stpecies in lrrc,
f Thusoall c,•a ;.n -: rishing acJA'.t!ndf2 f tno

finur:n on nroduca VidJ 4u1:: 4,- in tne annual catc=•
figurnz! for th1' heo.. They are either eatsn locally, given
to otnrrn, ct.~ for ho, i~v~ xot

~ Z2~221~oz nerue"arn taken L-y !in' m spoit:
mostly f::z *J. R•derfl.• za}e~n vb residents are unually
c n ,• : ,--s rid,!n by t3 ar. c q con rT!e.d ýncrinzal
cllt:r.*l in- or~.hr I ~ ~ t 0 are trn7e.-d i'l ivn.

2lI~;i~i .. ~~. ~ or -vn~ne' arm ta~en ui~ l ~e
r ty - 1 inc* ~s~ia , ~ -'rtj - from nzlv ru l

L5Xr~ds and o,-cas1,onally 11 zom 5. 0ur.rg the zn' month.s,
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juvenile weke or "1ama" ara taken _n lare numbers by throw net
from the shallows around the islanda- ApproXimatelY 501 of all
weke taken are oama. Rsidentz, mostly throw netters, take the
majority of weke, with transients taking small nu;..bers by line
fishing. This goatfish is eaten locally or given away for home
leave export-. Juveniles are often collected for use as bait.

s 1!__!-LIe •_%a• or "1zoano papa" is a prized fish
species at JA and is takan al~zst exclusively by residents by
line fishing or spearing. Line fishing for moano papa is done by
boat along the channel edcgaes, primarily the north edge of the
main channel. This goatfisc is taken by spear throughout Zones IS
and 10, mostly from the vicinity of Station P5. Mcano papa are
usually fro-zan by fishern. . for their own home leave exporTt.

........ .£ 7 .c-. or•- "oano kaa" are highly prized at
JA. A large part of tee taken by residents using lines

or spears. Most moano kaa a-re taken along the edges of the main
channel: many are also takan from rubble shoreline areas around
Johnston Island. This go0afinh is speared t•hrcughout Zores 5 and
10, with most taken in thQ vicinity Of Station P5. Moano kea are
usually frozen for hcme leave expor--.

epdto 5 mu i • • .... or "lmoano" are taken almost
exclusively by residents, by line fishing along the Channel
edges, with some also taken from Jonnston and Sand Island
shorelines. This goatflsh ia speared throughout Zones 5 and l0,
with most taken in the vicinity of Station P5. Most moano are
frozen for home leave expor-:.

ZI " 3 a"1rYZu and Forskal's jack (n JŽ
.. . known locally as "-apiohl (those under 10 lbs.) or

"ulual' (those over 10 lbs.), are taken mostly by residents and
some transientm by line fishing along channel edges, or from
several locations on Johnston Island, as well as from Sand and

East Island piers. These jacks arc only occasionally taken by
spear, usually in the vicinity of Station PS. Most papio are
frozen for hooe leave e",crt.

a,- - orz- ac- 'Iuul are taken pr.d.omnlantly by
residents using spea. Thlis parrotf ish is speared t..r.....ut
Zones 5 and 10, wit."- so.o also taken around Sand and Jchnsztcn
Island snornlines. U'hu artn mr znd by fishermen and are usually
frozen 'or home leav, e::a-

" ••z.... ar "msnini" are taken exclusivoly by
r.sidenns uilng .thrz-1 nit.z, or •irors. About 401 of the total
catch, 13 t~in by throw n-ts around *ha nhallows of all i'lands.
Spea-ing, vhich accounts for -. o reiaininq 60% of the totl.
C ,,tchu. 15s donq thrnuaCu 5 and 10, with mcs't flsh taken in
thne vic.n, -. f .tat:on P3 This! surgeonfish is usually oatan at
local 0 -o 'ar r qiv- t.o othe-rs3 forý noms lnavn erl.7ort.

C•' ... z..... • "',' or•" "olo' arn taken almost
excluo.'eL.y by r . .. ,..tic-ily all arp tasen by spmtr
frn zonen -Ard 40, L-,.a' !2 in tha vicinity of Staclzn PS.
This su- is alsgo iia mn lcally or is givnn to othirs to

c-'lc:ay br.Z- by b -th r.:- idznn5, Jnd transients. ost 7\•

C C, Ion.'t C arn C-cr 5-3 cm in diaon,1 '.i qs
coal 1.I cs7onsly Us4d for Cn ral tropny boxis 0 ,
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men is taken in the vicinity of Station P5, but it is also
taken from other locations throughout the lagoon. Other species
of coral, including Pocillor•ora sp. and g are taken in
much smaller numbers for similar purposes.The red coral (Distichcgra sp.) is prized by collectors and

is primarily used for decorative purposes such as coral boxes.
It is taken by hand throughout Zone 4 by both residents and
transients. It is somewhat scarce in various sections of Zone 4,
especially from Station P5 northward toward Station P6 (Irons et
al. 1984), but is abundant in areas inaccessible to collectors
(outside the barrier reef).

The mushroom coral (Funaia r?. scutaria), the sea urchin
( caiadema), and various gastropcds such as
augers, cones and small cowries occur in Zone 5 and other
locations throughout the lagoon. These are collected by hand by
both residents and transients, and are used for decorative
purposes.

The tiger cowrie ( ii) is prized by residents and
transients and is used for decorative purposes. C-, ý is
taken by hand throughout Zone 4, mostly from the reef-ton around
and between Stations PS and P6. It is somewhat scarce and
scattered throughout Zone 4.

Octopus sp. or "tako" are prized by residents and are
occasionally found in the rubble of shallows along the shorelines
of all four islands. Tako are speared or hand collected and are
usually eaten locally.

The spiny lobster (PanulijZs Venigillatu1 ) is taken by hand
exclusively from Zone 4 and is highly prized by both residents
and transients. Any P. Penici!!atu2 taken are usually eaten
locally.

The crab (Graostl ML,) is collected by hand and eaten
exclusively by residents. It is found along stretches of all the
island shorelines. Only a few people occasionally collect this
crab.

Many other fish and some invertebrate species produce small
catches of some minor recreational value.

Correction for Underreporting of Catch

The basic quantitative data used to estimate catch came frsm
fishem-en's catch reports. There was substantial underreporting,
and adjustments wars made in an attempt to obtain a reasonable
approximation of the annual catch. Fishing involving use of
boats includes all fishing done on and around Akau, Hikina, and
Sand Island, as well as all fishing done directly from boats.
Underreporting of fishing done by boat was estimated by counting
the catch report fori-s that were turned in not completed by
fishermen who used boats. (Catch reports are now Iccated on the
back of the boathcuse "boat checx-out" records (Anpendix B, Fig.
2) that arm filled out for the recreation depart.=nnt each time a
boat is usedl. Since it is mandatory for everyone who checks out
a boat tO fill out the catch fo- on the back, a single estimate
of underraporting was calculated for all species caught using
boats. During the current report year, 77/ of all cats that
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were checked out fo0 fishing reported on catch. Thus, we
estimated that 771 of the catch of each species was reported.
Catch data recorded from j3 shore fishing were neither analyzed
nor rerarted because there is no means for estimating
underreporting, Which is kno-wn to be substantial.

Annual Catch and Effort

The total boat catch of each species, for the per:iod Jun 89
to May 90 (year ending 1990), corrected for underreporting, is
shown in Table 5, including major gear types used and primary
location(s) of catch. The firsz 12 species listed were those
that initially provided the largest catches. For historical
reasons, this group cont.4nuas to be referred to as the "major
catch species", and most of these species have provided irnortant
landings in most years Of the study. In the last few years,
catches 02 KY•vIL vq' s i , have been very low (zero by boat
in the current year), and cat-hes of Carancoides ohc~ranus,
SeIa• c.•,~e - t and e -, -... acrelus have been as
hiqg as many of the "naeir catch. species".

TablIt 5. 111ntIeta tautx &M-~Lt b0t CatI of ai revorted in tpit jA flitncrv, Irct~oIrnq mvijor m o

............................. --...................................................................................

TOTAL MJIR

T WAA TTCES PRIKAI • LZIOC.SIc 
3

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

Al 141 SI PI P5 14 Z10C 9O LA
....................................................................................................................

NY ri or -%%12U i.jrs 33 1.3 SO" 227 2047 6"37,

A i-t~ rjntý-,t Ca P " 112 521 177 LA
r liiiAIItct.s 5C9 NY 112 97Z

ita '.i'ti LI5 11 at5 *6

~aar'24LI$ 7 1, i St CN A

L I~ot' SP9 Al 73 St CA

'uI~a~L fy,& ,t; 5 LI SP $t b9 St

V) is ZV 2

b1Ifq-ICIMU3a 6A 1. S 34 ZIC C LA
P ~t I fW ,t ! L I SO Al oil St CA LA

Solar 5*-I173 LI XT 31 1116

Cjtr 1-v 157 L;S 34 102 St CA LA

13 LI LA

~ ~2 LI
~ ir~r~', 7 LI W
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Table 5 (ca,:1mm.).

IE~T!C ~CIESTOTAL X."ER 4A~JM

SETI PCE'CJ.UGM GMR T'rvE' PRIPARY LMATIOW(

.. . .*. . . .. . . . .. . . . .. ... . . . . . . . . .. . . . . . . . . .. . . . . . . . .

At Nl 51 Pi P5 Z4 Zia cm .A

Acrawri cytheres 456 mc P
OlaticJtmorm So. 40 C Z
Frqrip scuitiar 13 MC Al L
Aeramrs vat ida 10 WC P5
Nm tleam tewrs NC Zia

121o SP Nc Al 4!a

Urcti so. 1ZI LA
Cr 8044so. a mC Al

Cy~wam tigris 57 mZ&2
?arews" so. 36 mC Al St

czn.,uso. a8 MI
01aranim triw'ita 7 mC Z4 ZiO

cyDtaea so. 5 MC LA
........................................................................................................

Sag A~mm I x 4 fo ccCas rwAm"

LI LhI M

0NC 10and colleted

Locatio oa~ ~~yatI oE:

At MOFS ti MW W~/ Itl4lt*w "4Of1` afat-Mg~ Agbae IsaIrs
NJ smarv~t im aw/or ImallQ "'~ws~~*~r ll Isaxar"

SI siiait im. ewrs¶o Imlatict o towlrj,

P1 Larq*tfr" Stolloen 01 aril1 041Iacent sloallr arvas

PS LOMr'Iqr¶ Stlat1* P1 anit Salgae"In 3111Ii Of#*$ea

Z6 lom d6

ZVal 1"~ 10
CM Alt cmorV"111

LA (IS. t4 in JA tl-~In "It¶?Iiii tma fl ýAj~joiafors atoll area..

Vale for 1.O.1c1qs wItAl a Um rn~ial total ev;a CvjA In var thna otIIem, the Ct"Ue motIn

10" Paler lecat¶of is 1?h1*m,
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Some fish.<;.; and collecting have occurred throughout all
areas of the lA-jon where boat usa is permitted and at all the
islands of JA. However, thera arm a number of locations that are
fished much more than others.

Trolling and bottom fishing _::e done in all the channels.
About 95%. occurs along the nore4 edge of the main channel and
turning basin from Hazla point around J: to the garbage chute.
Catch from the channelz ccnsistz primarily' of CaMamo•us,
Caanoiden orng ~ ~~nu ut!-fa7 P.~
cvy_•omue[, and P.~ h .. There are only a te• fishermen
who fish this area once and occasionally twice a week.

Another location thatZ receives considerable fishing pressure
from spearfishe-man and coral collectmrs is the area bet'ean the
north edge of Akau Island and the barrier reef, extending from
Station P5 west- to the 14 corner of Akau Island. Very little
line fishing occurs in this area. Major catch species are

myr' 27-122-11- 1 911-1_:.-, -.. -• -4• , t,, pE _udu~peneuq

~ ~ ~ a o sand
P _c an~ us ".. - - .-• A- cvt, ___ , _ 2 t icr , and

eanLinscJ,•a are the primary hand collected species
from t.hls area.

The area in Zos.e 10 between the west edge of the main
channel and the barrier reef, extending past the west camera
s -and to the SW end of the barrier reef, receives a moderata
amount of fishing pressure. Vajor catch species taken are

1, AtC nt t t uztcu and SX,;.Ujs
.. .• , H5t ars sneared, but some are taken wi.h lines
f-om ht. channel edge near Station P3. The reef flat immediately
adjacent to Che West cameral stand is reg-ularly visited by
fishermen looking for octopus.

The area around and containing Station P1 is occasionally
visited by spearfisherm-en and collectors. Major catch species
from this area are - yý,an S,

1L_, and $•-.. -P ', " Less fishing
occurs here durinq winter .on-.s due to strrnq surge and currentz
resulmting from largo surf brea.oing j71st outside the reef. The
region of Zone 5 extenling from Station p5 to p5 and Donovan's
Reef is occasionally visited by spearfishe.-man and coilectorn.
Major catch species fro-n this area ar•~ . .,-,e'u" str '•oij and
S..... u• 1z at Hand cn!lectad soecies are - '-221

~ ~ a ndi sp.
Various 1Cca!on2 around !.:)hnzton Island receive a

considerable amount of fishing pressure. Tne main pier is line
fished for C4, m k.~~ - ,

~ and ~ ~ LaWhen barge
trA.6ic allows. The portr c intr pie, ri'chi f=-orerly was ine
f i h zd for i noi ofw limits o fishing.
0ur1nq the day, ' 'A . . . .'- , , -,, . and
occzmi-ornally 9jZ-. azro taký,in p2!%ar-Ily by ling al~onj then
shor-Ine fronm - O .. o.-- hctio to thn souithast czrner of J1.

, .rd . _,:. 'i . - ar:j taken by line
and aza --.. maeor cat.ch sruc-ea frnm Hams paint. Thrcra nntn are
occasionally used along th1 shorelin from Hams= point to the West
paint to take .. ..... .. : and q.
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At night the Red Hat seawall is line fished for
amaus, the big-scale soldierfish (Myrinristis berndti), and
"Rri aczathu cruentatul. Hashi's shack is line fished for the
needlefish b ar _ us) and car s. The
grey reef shark (C amblyrtyrcMos) is also occasionally
taken by military personnel using handlines from Hashi's shack
and Hama point. The white-tipped reef shark ( riaenodm besus),
which was formerly caught at these sites, is now protected by an
FC.7 regulation. The garbage chute, formerly a popular fishing
site, has been condemned due to structural damage by a storm.
Fishing previously done at the garbage chute is now done at
nearby Hashi's shack on the west wharf. However, some shark
fishermen have been frequenting the garbage chute again.

Sand Island also receives some line and net fishing
pressure. At night the pier is line fished for .
amaenrus and Priacanthus ce . ca m s and
Caranso.des ortcahcamnus are occasionally taken there also.
During the day, throw netters take Acanthus t-4ostealuls, ij1bjjA
•I•L=, and u l from the shorelines around
the east part of Sand Island.

Akau and Hikina Islands are frequented by throw netters
taking Acantdu t!iOSteau, Chae.Lcij leuciscils, Ljj= and !Lulo deq flavolineatus. Pseuduuefeus
cG!Q21o9=, _iX •__r_= and Carangades were
also taken by line from the Hikina Island pier. These islands
are off limits for all human visitation most of the year due to
the large numbers of nesting seabirds there.

Weather permitting, all the locations above are easily
accessible to fishermen. Locations in Zone 5 are somewhat less
accessible due to occasional strong currents and surge. The
areas around Stations P1, P3, P5 and P6 are visited primarily by
divers spearing and/or hand collecting. Very little, if any,
line fishing occurs at or near these areas. The channel areas
are fished almost exclusively using lines, with some spearing
occurring along the channel edge near Station P3. Line fishing
from shore on J1 is done at all the locations mentioned above.
There is a low level of throw netting on 31 done by a handful ot
regular fishermen.

A more detailed breakdown for annual catch of the 13 "major
catch species" is presented in Table 6. Catch was separated by
gear types. Catch, effort, and catch per unit effort (CPUE) were
calculated for each situation.
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Table 6. Esirmtvc a rrua~t trat 1 VC3?I, effnr-, an c-3ýjj p~r tnit effov'. (CPJE O MI t1~3 "T41o?

catcim s~oicsl in t~le jA f~ishery for t~i-e pnl j~ ,, -g.y;O romdu ysar ty'.-t

VI !EsLU PRTMRC.J WFT TOTAL

cAiCH2  65 3277 3362
EFFC2T 3  29 737

2.24 4.47

CATCH 7 79

IFFCUT

CATCH 138

EFFORT 30.

CAE 6.2Z3

CATCH 0
EFFC~U

CA T CA 35 Z9 6411

0.36 0.33 30

I 1T2A ¶31

12$, 32

'629 1
0.29 0.21

31 738
Z11 10.3

0..64
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Tabie 6 (ccUrtimmos.

~WA TY"!

_______s LIXE SERNM ITTOTAL

Catrarx owieavy" (Stu* lacy)

CATCX2  177 918
(F0RT3  

564
M40.35 0.22

CATCK 0 0
EFFORT 81

CATCX 74983

0..51

CATCX .03 2
EFFORT '2. 5.5

oA2.16 7.65

CATCJE 1201 1201

3.59

GRANO tOTAL /O MAO SPECIES IN CAtCM

ncKr~ 474 5241 1117 6132
EYFlCT 1342.5 1944.5 192.5

C"0.35 2.70 3.W2

IAsw fithonfe' $her of~ Ila.an ate %mOP¶P J1 rv~' tp~e Wg oI bts 3n il rrI t ? Nyrv.
2 Catch in rf o~f ~ ifolvtl~avis.

Efferv %nilts:

loser~ourl
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Catch and effort were highly variable among species, and for
most species, they were highly variable over time. Most of the
CPUE values for individual species from the year ending 1990 were
generally within the range of the corresponding values from the
previous years of vhe study (Table 7). However, all the CPUz
values were highly variable with no clear trends between the
years.

Total catch has varied considerably over the 6 years of the
study (Table 7) as well as the sbtotals by each type of gear
(Fig. ll-13). No paricular taemoral pattern is recognizable.
However, for most of the total tins saries for each gear type,
the pattern of fishing effort corresponds rather closely with
that of catch. Therefore, cpijZ, which is sometines used as an
indicator of fish abundance, is much less variable than catch.
CPUE for each gear ty-pe is considerably mors stable for all
species combined than for mcst single species. It shows no
meaningful temporal trend for any of the gear types. CPUE's for
spearing and netting (Fig. ll-12) seem 2o vary rarndomly above and
below their initial values. The e' C for line fishing (Fig. 13)
decreases irregularly. These temporal patterns and the limited
range of CPUE values for each gear type suggest that the year-to-
year fluctuations in catch primarily reflect fluctuations in
effort.

Effort and CPUE may have been noticeably affected by some
observable shifts in the fisheran's fishing patterns in recent
years. Several of the "resident" fishermen have retired and left
JA in the past two years. Othar "resident" fishermen have stated
that they have been "takcin a break" from fishing and have only
gone fishing a few times in the past two years. Competition by
increasing numbers of "transient" SCUBA divers (who seem to catch
little) for the use of the linijed suDply of boats at JA appears
to have reduced the amount of productive effort by experienced,
skilled fishermen. Other rishermen new to JA have been replacing
the older "resident" fishermen in ths fishery, but these new
fisher=en do not seem to catch as much as the "resident"
fisherm.en did. A decrease in CPUZ may have resulted, especial ly
where consistent lina fishermn have left JA for good. The
"resident" fisihery ha3 been shifting to mostly a few groups of
spear fishermen. Conserquently, soma of the species previously
caught mostly by line fishing wars collected in low numbers this
report year, while scma of th2 eaenr catches were high. Overall,
there ari now fewer fishe=n •ho catch a high volu=e of fish.
Inconsistent rnporting o- catch and effort, months of bad woather
(especially in the years ending 1935 and 1986), az well as the
home leaves, travel and work schedules of "residentl* fishermen
all can have significant efzect, on this small fishery.

Clearly there are saca unresolved anomalies in the catch and
effort data. However, all the catch and effort- data tcgenthr do
not produce any ccnsistenz trends that would indicate any mazoc
change in abundance of thfe rzuiden fished populations.
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Fish Population Characteristics Based on Creel Census

Some basic dascriptive statistics for 11 of the "major cat
species" were calculated from the creel census size data using
SAS (version 5.16) on the University of Hrawaii's mainframe IBm
30SI computer (Table 8). Only species with 70 or more specimens
examined in creel census (from Feb 84 to May 90) were analyzed.
Table 8 shows a summarl of the data, as well as length-weightregression aeqations generated for each species, and the size at
first reproduction for some of the speciep. Figures 14-24 are
histogrsms of the standard lengths (SL) and weights of the
individuals examined from Feb 84 to May 90. Appendix G cantainz
frequency tables of SL and weights for the species shown in these
histograms.

Most of the catch was of a fairly large size. The absence
of very small individuals and the presence if several ascending
size classes below the mode probably refl.tut selection for larger
individuals by the gear and fishing techniques However, very
small individuals of any species were rarely seen in censuses or
surveys. At body sizes above the mode, strong selectlon by
fishermen for larger individuals of M AnaeLvs appears to produce
a distribution that may be much different from the natural
population at large (Fig. 14). For some species, the descending
li± of the distribution curve (to the right of the mode) is
rough (perhaps because of limited sample size). However, there
seems to be no reason to believe that this portion of the
distributions is far from representative of the natural
populations in most Cases. A cluster of large outliers of r,
;1, (Fig. 19) is produced by the effor•tz of a few
fishermen specifically targetting large size classes.

Few cases of multiple modes appear clearly in any of the
histograms. None of the data sets in their present condition
appear promising for detecting cohorts for age or mortality
estimation. No adequate data for size frequency are available
from areas with low fishing effort for comparison with these data
(which came primarily from the more heavily fished areas).

The sizes at first reproduction (SFR) for six of t8e 11
specias shown in Table 8 ware taken from the results of other
investigators working in the Hawaiian Islands. No estimatns were
available for the SFIR or Bki c ntztu,,,ZaU2!

~ ~.~1Z =DU1 . ýricU ýat, 2n;haet1; , anid
Z1=.Uq b k•g N, No data were available from JA for th"SFR of any species except • a (Dee 1986). but it
seems unlikoly that any are greatly different from Hawaiianpopulations.

Vhi num=ber of fish caught and examined in creel census was
inadequatae to do many types of fishery analyses. The r'anlts
pre3sentd here are thus somewhat lmited, but they are ad'qata
in light of the low level of catch. Since there has been no
sustained and significant increase in fishing effort since tih
beginninq of the pro0act, all the basic descriptive data taktn to
date will serve as a useful baseline for ccmpar:son with samples
taken after any future major cnanqes in fishing o :ffer. The
fre•qiuancy diztributIcns of the catch species will bn especially
useful if fIsnhing prassure siqnif Cantly increanns at :A.
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A2'OLL-WIDE ESTI1.ATE3 or Fr511 PO-ULA-10%S AND CATCHiES

Rouqh atoll-widQ papill,-Aton estimmten for 10 of t."10 13
ma~jor cajtcn specie.e1i ares prp ,rtd £in Ta~ble 9, co-wumn I. (Ilen et

al. 19~35? (For tm's rf0.M±nirng =r~ "nmajr caticil SPI-ciea3, datai
we-"a inu~fticint to arri~ve at -ývacna~oie ato~-all iida eti.-atns.)
ulin tI1q popU.laion± entin.tenJ tta perc!rnt 0o0 lth 3Dnc~
zoupi~2ati.or C3c:Iut a nnU41ly ýor 'he year endn 1.990 wasi

calculated and compnred to Vlat fcr& the yqnrni ell-ling 1989, MR8,
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stan~ding stcc:'- of s1ec (Table 9).

at j'N. Howo1'/l1% t:"', catc" en4- is quitn 5=aJ1l ccpazed t-
the totz2. pot~latio rlc~l:-3 (-'atin 9, which is undcubttc~Jy an
Undarant~mnt fa:~r t~li.r ,~ 4 '~i~3 In tho year endinj.r

1905 o~ hc~ JJ ru::~ ~p~:~n3caught from shzcrr 'by 1.ini

No bz±~l~cI~ yf jinj fjntj~lz~n-. f-c-i shorn2 w~iri :~ jn
thGt y ar - ~dr~ d 1.n9%S 5, 1 '-) 1)23a d 1.99. In t.1l yr,"r 0ýrdirIC
11)-7, of 1th1r 30:m~c idv L cauacht fo, by Iil~ina
901~ wnz,ý b1i1Cvi ti-3 n~-uzL11- S4 A. A~nm mcausu: 37pz.=1 illth

o7f Y'31ri 1M.-y 3 (r.-233 ,~ 191- (M 54 a

"v 2'Iiziy 13 A Ii~t ao n•.~I2 a-ari;Am.

Statcni m tA, a aq n1 c~" n 1-ifd~ ~'[~

4-r;ýs d u t



similar use of shoreline habitat. No quantitative surveys or
censuses were done in these habitats to provide population
estimates. Net fishing for these species occurred lessfreq-uently this yea-, than during the previous three years. In the
absence of other data, little can be said about the status of
these stocks except that the absolute catch values do not seem
extremely high for an area of the general size of JA.

No information on SFRI is available for K ,
s flavolineatus, ScLga aj,7: or Cqt._c

_ All their catches are insignificant compared to their "
respective populations.

Based on the available Hawaiian values for SFR, our data
suggest that approximately 30% of R , 1%

of lo2to *, and 3% of týo, l are caught at
sizes below their respective maximum, S-R (based on data for all
six years combined).

The total number of R uIP-ult L ac !aJ caught
annually is not significant cnmpared to the estimated standing
Stock (Table 9). Only one of the j•. • _C._Lt caugqh was
below the S71R for females, but the male SFR falls in the range of
sizes caught most frequently. Approximately 87% of the P.
M 4 .• catch is below the maximum male SrR value.

About 82% of the • • catch is below themaximum ST-R value. However, most of tn•e individuals seen at the !imcnitoring stations were much larger than the SFR. This seems to

be due to the occasional presence of smtll schools of small I
individuals feeding near the piers of the islands where they are
especially vulnerable to catch. The annual catch is very small
compared to the standing stock-,

When the 13 "macjr catch species" are considered as a group,
the small size at capture of some species seems to offer some
pctential for concarn if the catch levels were to increase
greatly. In agreement with the resultz of the five previous
phases, at present levels :f eefort, there appears to be very
little impact on atoll fish populations as a result of fishing
pressure.

The mandatory catch reporting system incorporated during the
L988 repro year has resulted in highes r " oing rata3 (compared
with thosa of previous years) of invertabrates that previously
went largely unreported. The catche3 of most smncies of coral and
of total coral declined from last year, but comparisons with
years prior to that would ba misleading due to the substantial
reduction in undarrsportinq of boat catches that has resulted
from the mandatcry rnporting !:vztaj, . However, tVh relativelysmall portion of thO 'Atoll accessible to coral collectoru as wil i!i

as the abundance of &U"Za corals =aka it unllkely that t1 16
populations of thaeS sPaclan will ba trreatened. A larga
m~ority of the coCral population% (espacially ~~*

wh-.1c is found primarily in the rnatrictod arta outsida ti'el
barrier rsnf) lie outside the areas whorn recreational diving is
parmittad. hn addition, the diurnally cryptic habits of mont
mollusks croývular with shall collectors arn suficienr1 to orevent I
overcoliect6on at the plr~estn low levels of fisning presura. Zn

Estizated fz S, ifor Bc n2
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spite of hicher levels of raportaj catches compared with r~part
Years 1985-27, the major inv?*ertah a-a catch speciae (Coral,
cephal op-od, gastrczods, and echinoderms) continue
to ba callectad in ininj-cn nu::.ers compared to their
respective ahndancas.

Protectead Soeci ,s

ProtecteŽd !?pe cies 00 ~~at jA are the threaten4ed green
sea turtle (CýZ aL nryj, and tha en~dangered Hawaiian monk seal

(~n~= )1~L J -urzle. are most often fo-und in the
vicinity of Zcný-z 11 and 1:2. his j the area where their. nlajor.

food~~~~~~ sun.)t~ l (~~~~~ , cccurs in abunda ca.
Turtiss arn. also se'nn acca: ,cnly IIhvoughout the lagoon andc
chmnnn! arý4nz. 0TiO t-4-t-l. waz c ,!nusnd in April 1986 at" Station
P5. Hawia %Ocn" sczls have,,- hicn saan cc-asionally by residents
at varicua locations t-hrc2uqbt j;A over th] past siver-al years.
In Nrov~an:- .1934s, nine riol k s nals were brought to JA f-rc-i
Laysan Iland. At last repor, none, of these mornk seals arpears
to have rn~a.ned at JIA; tthF last rco-o-ted sighting w~as in thea
Sumzer of~ 1935S. Xost of the4 otazr., monk seals have not bt.,in seen
since shor-Ilv after t!V-ir arrival.

DEEP SZ-A FISHINGJ

AlthcuaOh tha sa'P,2 0 f project and report fccuse.3 on ""he
lagoon and snllc'd T-latfom ,wtýrn, a brief discussion of the
fishe~rl 06or Želg~ ofJsa the deep waters surrounding thea
atoll an a whoile will cr~p--I thz picture of atoll ffishari~z.

Densi fli~hing at JA in on from saveral landing cr"t-1- M
long (roilocally a-, 'I-ik-- o:I *~ operatad by port7 co:ntznl

dcsnnl All r, a f -nhis-nq is f c r acr aa t ionaln, t prz oms, an d
il done n a-, it-r,2ds only. o,-% or- twzo "Mika boatz" wit.h f ive to
savin ridnzand/orta:3 pir!sornnl eacht, glO out a. tdY
and Sunday (witht z ' t~< threa to fourI hCUrs.- 71able10 Prc~ý!ntn angi rnual catch.ý entsimatez f1or the f-Ir.1sh P,7C.Im
accurrinqj in tna dl'- si catah duringj Jun 39 -May 90 (1990),
Juan 83 -W 3ly 9 (19-G9) , Jun, 37 - M'ay 83 (1988) ,Jun 36 - 11.11y 87
(1-037), Juun I.i - t354 (1193r)), "Ind Fab 84 - tMa..y 93 (1995) , based

art cat=.h, zcpzo-t3 5 '71zo~~I ta Littla tlma2 and effO4rt w~z'
Sperv czil.ctlg qC,2tch dat 'l Tta data nq~is
s21a11. a~nd no undnz:-.icrt lýn~j eni-a was mada for thesn dnnp sea
C.th2 "l'I tL' C'!' in b rsn,,d d-nrrnazing t~and In '-'i

7'a.nd C *'!~'ia -~ : 1*1 neJo o, Table 10, iTA tiha
a 3 nc oa -I s a1 .1 ~ f ) 2 lt~l:i can t-, said about canoesin th

cn.a~ '~~id oI g~ C T a nd t:3 f !.:Iao't I
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TWO~ 10. Es?2rnt# Of oMIt CAten of dM ZI 5Zcin (U=2Wlt-td for iUrTtr rflq).

ESTfIPATE WI . C=.NT

SPIVES IMo 198 I; 1987' 1M& I98S
----------- '-''''''''------.............................................................

Acv? ScO (O,. Nam 136 149 Ica 175 201 201
1TPrvJS 81bu~f!s O~twint 70 65 110 120 135 Ill
So~riWo btrrwXU (freat bsrr=%A) 2 8 a 15 10 12
Kut1Mn A n 2t1Um (Soitjaci sur) 23 29 60 s0 9 134
Etxagtias b •irn atat1A (r b 7I~ m) 13 i s 25 is 13 6
CWtyWUMM ftipmws (Otoln) 5 6 10 6 a 5

SUM=2Y

Environmental studies in the laq:,on at Johnston Atoll
continued through the project year in an attempt to detect any
effects of JACADS activities (including any increase in
recreational fishing) on the marine ecosystem. Established,
long-term stations were monitored by visual, under'water censuses
of fish and invertebrates. Catch and effort of the recreational
fishery were monitored by use of catch report•s co=mpleted by
fishermen and by direct observation of fishing activity. Samples
of the catch were examined to determine species and size
composition.

Of the five stations censused, the three that appeared
visually to provide similar habitat (Stations P1, P5, and P6) had
similar fish communities, even though Station P5 was much more
heavily fished than the physically very similar Station PG.
Stations P3 and P7, which appeared visually different in habitat
from each other and from the preceding stations, had distinctly
different fish communities. Results of analyses by both
similarity index and paired t-tests indicated these results.
Similarity index analysis indicated relatively high levels of
similarity within each station over the six years of the study,
suggesting that activities related to JACADS davelcment had not
made a detactable change in these fish conmunities. The time
series of population size as estimated by census was analyzed for
temporal trends by two mnthads of correlation/regression. It
seems likely that therm has baen a decreasing trend in the total
nu-ber of fish and in the numbars of a good many species over the
six years of the study. The changi. do not seenm associated with
fishing, and therO is no avidance to link them with any othra
human activity. It seems likely that this is a natural
pheno~mnon, parhaps ralated to variability in ricruitment. T,
available data on this apparntly natural variability prmvide a
valuaale baseline for comparison with changes in fish populations
that may occur in the future.

Fourteen fish specias, octcmus, and a few necies of
dsccrativa coral made uP the bulk of tha recrenticnal fishery.
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few decorative shelled molluz a ces lobsters, and occasional
other invartabratzs were also co~llectzd, as well as a few
individuals of Mar~y other f4Sh SZ2CecS. comraring years !d~s
difficult beczuze of va-riable undorr-emorting of catCh.I and effor-t.
However, tharz sa-a~d to be no evidenca of sign~ificant or
cosstn incaas in either to-tzl catch or effort over the six~
Years of tha5 studiy (daspit-e a morn than three-fold increasa in JA
humxan Ppculation at maiu) Miost t-ransient changes in catc~h
seem to b-- evolainv~d by ccrs-zprd;.g, ach-ng,23 in effort. For all

temajor- fish spcles caugzit, tlhz totali annual catch Was small
comparsd to th2 estimated siza of the~ s-paci es pcpuiatiofl.
Continued fishing alt levals ob~zýýrvd durzing theo study is Unlikiely
to affact, the fish parullatiznz se,2ricuzly. IncreaseS rc~ortad in
tha 1l69 cztch of save-ral v ats(e.g., corals, shelled
molluscs, octopun) may reflect` an art-if-act of reporting bY
f isher~aen. Catch~i Of miost ofl th:7Ž,z s~eci.cs declined s5Ozawhat in
the present yiear, but the trand will bear wat=!ing in futura

Ter he ser-Jous Pro-blem wit-h ccmpli anan by .boat fishernen with
tl'e catch repor-ti.n system dur--ngI the-j Yý,r ending 1987 has
largely bnnn rczvi~disd- Marndatni.-i cztch reporting was
incorporated in~Zto t!hI siq-ut/rtui-: procedure for racreational
boat usa in the year end-;n1 19as, and tte requirement for
repor-ting all types of animals co--,:ht wa3 stre2ssed. CatCh
esti:mate3 for- tha past two yearn based on boat catch reports are
believed to ba r!easonably cur tne: th ozs of data f6rom
previouz years is i-rnprbl and will continue to hamper-
analysis and ina ~cf~twee trands. It is essential
that complianca wlithýý n-r-.zt 4 r -7 -1i'z -meýntz for all catch be
maintained high in Ord!er tha~t th~ij ie on thfishery can

produce 4 mennfll r "alt. This inzun nust raceivth
necassaryj attant-lan and contiJnuing ei,'Z'ctiva supervisiOn by JA
m,%nz3agmqnt iZ theI .0roject in to oed

Ouringq then project y',-Cr, it clear that ccmpliance-
wit~h reparti~nq ofcel' catchý and al~rt had deter oa':ted to
t:he point t-hat th!'A data wnzint r,,AIa lab for o-aking the: ma-in
cmantitat±l~vi efL:~a ~~u o z- ~ dscizic-lz.
ComVlianc:3 by fhen cnotb:-, ýjrced 'y prj ct n
it -43 not f eielfor pzrnjECt - t!D Collect tho data
di~rectly. in rn~onase- to oir o ýthj statu:s, JA
adminintztoln idat tnjt thywu not enforc3 acmplianca
nor apml')y co?:htn "ýtizns to iicourn zhimcrlini catch- and/or efr
data. ;h aea t ts cuo dt ~'Uant~talv a!iyini
tre oroje-C*" linz thernfora t-eki' a'-ncr- and "te Cfect o."

-4o3,,inJ fihnq o n the f :!:, s t >-n I -il r~ai un flO n.
01 o theI and Cof- the Prn-'M tha JACA03 :acililty 4:12

tin t ~n n ingn n in.t -n on iiing o a ny a nv i r-rn --n4al
etfcts duej to cprat2.zn ;2 3-ill zo cczn. A gcod ba-lallrle hl'n'

i of .0 ~'1~ ~>A~Z a~'~ &~to a lack, aZ
finhr~q zr it It i not cI tr- nd ofth. fur i

-I, . 7j - .Ae

11:zhiwr ar,' to -'a !S~ q'. n* t" a--n~ d h Qt"1 m~t

10,
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TABLE B-i. Estimiated 1-Hour Average Concentrations of Vapor-Phase TCDD at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site.

i-Hour Average

X Coordinate Y Coordinate Concentration
(M) (M, (g/m3 )

0.000 0.000 0.10869E-05
0.000 6.096 0.71606E-06
0.000 12.192 0.15821E-05
0.000 18.238 0.92511E-06
0.000 24.384 0.13211E-05
0.000 30.480 0.11776E-05
0.000 36.576 0.17014E-05
0.000 42.672 0.89331E-06
0.000 48.768 0.12986E-05
0.000 54.864 0.10935E-05
0.000 60.960 0.10394E-05
0.000 67.056 0.23507E-05
0.000 73.152 0.72389E-05
0.000 79.248 0.25512E-05
"0.000 85.,• 0.66881E-05
0.000 91.440 0.23620E-05
0.000 97.536 0.19368E-05
0.000 103.632 0.17130E-05
0.000 109.72S 0.19697E-05
0.000 115.824 0.12683E-05
0.000 121.920 0.12411E-05
6.096 121.920 0.82771E-06

12.192 121.920 0. . 7928 E-05
18.238 121.920 0.25317E-05
24.384 121.920 0. 13754 E-05
30.480 121.920 0.33187E-05
36.576 121.920 0.65311E-05
42.672 121.920 0.70387E-05
48.768 121.920 0.41036E-05
54.864 121.920 0.331I0E-05
60.960 121.920 0.4226;E-05
67.056 121.920 0.645 11 E-05
73.152 121.920 0.5653E8-05
79, 28 121.92D 0.34911E-05
85.344 12 1. 9 2 0.393-.05
91.440 121.920 0.23861E.05
97.53 G 12 1. 2- 0.66784E-0s
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TABLE B-I. Estimated 1-Hour Average Concentrations of Vapor-Phase TCDD at

Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site. (Continued)

1-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m?)

103.632 121.920 0.27536E-05
109.728 121.920 0.67676E-05
115.824 121.920 0.27149E-05
121.920 121.920 0.54310E-05
128.016 121.920 0.22306E-05
134.112 121.920 0.52685E-05
140.208 121.920 0.20922"-05
146.304 121.920 0.47859E-05
152.400 121.920 0.16793E-05
158.496 121.920 0.40241E-05
164.592 121.920 0.23911E-05
170.688 121.920 0.73955E-05
176.784 121.920 0.26016E-05
182.880 121.920 0.77590E-05
188.976 121.920 0.2 7115E-05
195.072 121.920 0.10147E-05
195.072 115.824 0.2919iE-05
195.072 109.728 0.8447SE-05
195.072 103.632 0.32479E-05
195.072 97.536 0.81633E-05
195.072 91.440 0.27307E-05
195.072 85.344 0M51753E-05
195.072 79.248 0.21901E-05
195.072 73.152 0.5297SE-05
195.072 67.056 0.18375E-05
195.072 60.960 0.10187E-05
138.976 60.960 0.20641E-05
182.880 60.960 0.48878E-05
176.784 60.960 0.1724SE-05
170.688 60.960 0.45996E-05
164.592 60.960 0.371 20E-05
158.496 60.960 0.9324 LE-05
152.400 60.960 0.36129E-05
146.304 60.960 0.93482E-05

146.304 54.864 0.33913E-05

146.304 48.7168 0.34357E-05
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TABL[E BI. Estimated 1-Hour Average Concentrations of Vapor-Phase TCDD at

Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange

Site. (Continued)

1-Hour Average

X Coordinate Y Coordinate Concentration
(M) (M)

146.304 42.672 0.14158E-05

146.304 36.576 0.34726E-05

146.304 30.480 0.24876E-05

146.304 24.384 0.24093E-05

146,304 18.2S8 0.14316E-05
146.304 12.192 0.20872E-05

146.304 6.096 0.27877rE-05
146.304 0.000 0.3,2 -15 3E-0 5
140.208 0.000 0.35537"-05

134.112 0.000 0.10083E-04

128.016 0.000 0.39054E-05

121.920 0.000 0.85703E-05
115.824 0.000 0.3162GE-05
109.723 0.000 0.7167BE-05

103.632 0.000 0.28354E-05
97.536 0.000 0.78186E-05
91.440 0.000 0.32782E-05
85.344 0.000 0.67743E-05

79.248 0.000 0.26083E-05

73.152 0.000 0.73547E-05

67.056 0.000 0.27 275-05
60.096 0.000 0.62408E-05

54.864 0.000 0.22S23E-05

48.768 0.000 0.19447E-05

42.672 0.000 0.15307E-05
33.573 0.000 0.40923E-05

30.480 0.000 0.17803E-05

24.384 0.000 0.45009E-05
13.233 0.000 0. !9206F-05

12.192 0.000 0.13345 -05

6.0 9 0.000 0.80730E-0 6
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TABLE B 2. Estimated 1-Hour Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Hcrbiide Orange
Site.

I-Hour' Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m 3 )

0.000 0.000 0.19477E-02
0.000 6.096 0.39631E-02
0.000 12.192 0.26655E-02
0.000 18.288 0.97173E-02
0.000 24.384 0.70420E-02
0.000 30.480 0.25542E-01
0.000 36.576 0.67556E-01
0.000 42.672 0.26382E-01
0.000 48.768 0.67592E-01
0.000 54.864 0.25488E-01
0.000 60.960 0.69852E-02
0.000 67.056 0.96678E-02
0.000 73.152 0.26252E-02
0.000 79.248 0.46039E-02
0.000 85.344 0.19071E-02
0.000 91.440 0.55104E-02
0.000 97.536 0.33685E-02
0.000 103.632 0.40676E-02
0.000 109.728 0.60926E-02
0.000 115.824 0.21389E-02
0.000 121.920 0.61288E-02
6.096 121.920 0.6005SE-02

12.192 121.920 0.49756E-02
18.288 121.920 0.30086E-02
24.384 121.920 0.67717E-02
30.480 121.920 0.25632E-01
36.576 121.920 0.18519E-01
42.672 121.920 0.67457E-01
48.768 121.920 0.18052E+00
54.864 121.920 0.67357E-01
60.960 121.920 0.17853E+00
67.056 121.920 0.6735SSE-01
73.152 121.920 0.18427E-01
79.248 121.920 0.25 61E-01
85.344 121.920 0.66975E-02
91.440 121.920 0.29347 E-02
97.536 121.920 0.49055E-02
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TABLE U-2. Estimated 1-Hour Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orang-e

Site. (coninued)

!-Hour Averag2

X Coordinate Y Coordinate Concentration
(M) (M) (gim 3)

103.632 121.920 0.5939SE-02

109.728 121.920 0.60642E-02

115.824 121.920 0.56506E-02
121.920 121.920 0.50112E-02
128.016 121.920 0.4332SE-02

134.112 121.920 0.37016E-02

140.203 121.920 0.31521E-02
146.304 121.920 0.26377E-02
152.400 121.920 0.23038E-02

158.496 121.920 0.4057iE-02

164.592 121.920 0.20113E-02

170.688 121.920 0.21965E-02
176.7184 121.920 0.13524E-02

182.880 121.920 0.16639E-02

188.976 121.920 0. 19454E-02

195.072 121.920 0.19422E-02

195.072 115.824 0.15301E-02

191.972 109.725 0.15036E-02

195.072 103.632 0.19604E-02

195.072 97.536 0.21416E-02

195.072 91.440 0.17412E-02

195.072 85.,44 0. 13755E-02

195.072 79.2,8 0.14653E-02

195.072 73.152 0.25139E-02

195.072 67.055 0. 13646E-02

195.072 60.9660 0.14306 E-02

188.976 60.960 0.12030E-02

182.880 60.990 0.14390E-02

176.784 60.960 0.20232E-02

170.608 60.90 0. 1 0315E-02

164.592 60.960 0.22019 OE-02

158.496 60.960 0.3 30").0E-o02

152.400 60.990 0.47735E-02

146.304 60.960 0.55 137E-02

146.204 54.834 0.214 '• E-0 2

146.304 48.76,3 0.6357l,-02
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TABLE B-2. Estimated 1-Hour Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site. (continued)

1-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m 3)

146.304 42.672 0.14449E-02
146.304 36.576 0M63571E-02
146.304 30.480 0.17778E-02
146.304 24.384 0.58435E-02
146.304 18.288 0.12571E-02
146.304 12.192 0.50959E-02
146.304 6.096 0.18491E-02
146.304 0.000 0.20943E-02
140.208 0.000 0.52016E-02
134.112 0.000 0.29861ES02
128.016 0.000 0.1922-5E-02
121.920 0.000 0.86,33,-02
115.824 0.000 0.20161E-02
109.723 0.000 0.,,% 'S-0 2
103.632 0.000 0.22467E-02
97.536 0.000 0. 9307402"
91.440 0.000 0.12760E.01
85.344 0.000 0.62689E-02
79.248 0.000 0.32I0E-02
73.152 0.000 0.62469E-02
67.056 0.000 0.11G36E-01
60.096 0.000 0.91177E -02
54.864 0.000 0. 24 8 2 T"i,,

48.768 0.000 0.90952E-02
42.672 0.000 0.22533I-02
36.576 0.000 0.86766E-02
30.480 0.000 0 19236E-02
24.384 0.000 0.30 140Q-02
18.288 0.000 0. 2 27•4 •" 2

12.192 0.000 0.27159E.-5 0
6 09 6 0.000 0.173631---02
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TABIE '-3. Estimated 1-Hour Average Concentrntions of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) A-round the Perimater of the Herbicide Orange
Site.

1-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m 3 )

0.000 0.000 0.40998E-02
0.000 6.096 0.30514E-02
0.000 12.192 0.51275E-02
0.000 18.283 0.18139E-01
0.000 24.d34 0.13190E-01
O.0nO 30.480 0.47583E-01
0.000 36.576 0.12670E+00
0.0GO 42.672 0.4820 E -01
0.000 48.763 0.12590E-00
0.000 54.864 0.474,46E-01
0.000 60.960 0.103'6-01
0.000 67.056 0.18007E-01
0.000 73.152 0.50186E-02

0.000 79.248 0.536891.r-02
0.000 85.344 0.397S2E-02
0.000 91.440 0. 6077E.-,C,2
0.000 97 536 0.4462412 -02
0.000 103.632 0.45234E-02
0.000 109.72)3 0.68376E.02
0.000 115.824 0.33O! E.02
0.000 121.920 0.69033 E-02
6.096 121.920 0.67646E-102

12.192 121.920 0.56497 E-02

1i.238 121.920 0.35287E-02
24.384 121.920 0.77137E-02
30.4 0 121.920 0.279S21E01
36.5 7 121.920 0.203 3 0 1
42.672 121.920 0.7343o2E0 1
4.3.7S) 121.920 0.200 4 6 0
5 4.-, 121.0 0.732,02-01
C0." 121.920 0.194 1G E-C0
67.02- 121.920 0.7323 -.O 1
73!.1,S2 12 S. 2 0 0. 2 0 2) -0)1

79.243 121.320 0.27, '••
0. 1135.,.,244 r..'" •"

7-5,. 121.t920 0.40237C 0 2
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TABLE B-3. Estimated i-Hour Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site. (continued)

1-Hour Average
X Coordinate Y Coordinate Concentration

(M) (g/m3 )

103.632 121.920 0.66277E-02
109.728 121.920 0.67720E-02
115.824 121.920 0.63372E-02
121.920 121.920 0.56586E-02
128.016 121.920 0.49383E-02
134.112 121.920 0.42681E-02
140.208 121.920 0.36863E-02
146.304 121.920 0.432S1E-02
152.400 121.920 0.27947E-02
158.496 121.920 0.58916E-02
164.592 121.920 0.22107E.02
170.688 121.920 0.47377E-02
176.784 121.920 0.22674E-02
182.$80 121.920 0.17181E-02
188.976 121.920 0.18273E.02
195.072 121.920 0.17304E-02
195.072 115.824 0.13019E-02
195.072 109.728 0.12953E-02
195.072 103.632 0.18293E-02
195.072 97.5316 0.1S026E-02
195.072 91.440 0.16046E-02
195.072 85.344 0.10964E-02
195.072 79.248 0.19185E-02
195.072 73.152 0.20209E.02
195.072 67.056 0.12299E-02
195.072 60.960 0.1, S30E.02
188.976 60.960 0.13524 E-02
182.330 60.960 0.155•l1•02
176.734 60.960 0.32245E-02
170.6338 60.960 0.37$32E-02
164.5792 60,960 0.35050E-02
158,496 60.96O0 0.38585E-02
152.400 60.960 0.37995E-02
146.1304 60.960 0.44871 .-02
146.304 54.86- 0.2•5• . -02
146.304 48.768 0. 496`9 -02 2
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TABLE B-3. Estimated 1-Hour Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site. (continued)

1-Hour Average
X Coordinate Y Coordinate Concentration

(m) (Mr (g/n 3)

146.304 42.672 0.22117E-02
146.304 36.576 0.49690E-02
146.304 30.480 0.29834E-02
146.304 24'..384 0.61789E-02
146.304 18.288 0.17737E-02
146.304 12.192 0.45863E-02
146.304 6.096 0.1621SE-02
146.304 0.000 0.41072E-02
140.208 0.000 0.39609E-02
134.112 0.000 0.41424E-02
128.016 0.000 0.17067E-02
121.920 0.000 0.88917E-02
115.824 0.000 0.19144E-02
109.723 0.000 0.6735&E-0'2
103.632 0.000 0.25113 E-02
97.536 0.000 0.66454E-02
91.440 0.000 0.95679E-02
85.344 0.000 0.460.72-o2
79.248 0,000 0.240S 7E-02
73.152 0.000 0.45487E-02
67 .056 0.000 0.S 1SSL. 02
60.096 0. 00G0 0.6 43S E -0 2
.54.86,4 0.000 0.267G5E-02 EI -:048.768 0.000 0.7, 272, ,_ GIE-02

42.672 0.000 0.333 79 E-0 2
36.576 0.000 0.890 0 7E-02

30.480 0.000 0. 16 ,4 8E.-02
24.334 0.000 0.50 08 E- 02
1S.,23.,,3 0.,000 0, 6G69 2E
12.192 0.000 OA 0.90-E-02 2
6.096 0.0¢c 0.247A9t-0,2

2,1
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TABLE B-4. Estimated 8-Hour Average Concentrations of Vapor-Phase TCDD at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/M 3)

0.000 0.000 0.76103E-06
0.000 6.096 0.50137E-06

0.000 12.192 0.11078E-05
0.000 18.288 0.64774E-06
0.000 24.384 0.92498E-06
0.000 30.480 0.82454E-06
0.000 36.576 0.11913E-05
0.000 42.672 0.62548E.06
0.000 48.768 0.90928E-06
0.000 54.864 0.76562E-06
0.000 60.960 0.72775E-06
0.000 67.056 0.16459Er.05
0.000 73.152 0.50685E-05
0,000 79.248 0.17863E-05
0.000 85.344 0.46829E-05
0.000 91.440 0.16538E-05
0.000 97.536 0.13561E-05
0.000 103.632 0.11994E-05
0.000 109.728 0.13791E-05
0.000 115.824 0.88805E-06
0.000 121.920 0.86897E-06
6.096 121.920 0.57955E-06

12.192 121.920 0.12553E-05
18.288 121.920 0.17726LE.05
24.334 121.920 0.96304E-06
30.480 121.920 0.23237E-05
36.576 121.920 0.45-30E.05
42.672 121.920 0.49284E.05
48.768 121.920 0.28733E-05
54.$64 121.920 0.23183E-05
60.960 121.920 0.29592E-05
67.056 121.920 0.45170E.05
73.152 121.920 0.41092-.05
79.248 121.920 0.24444E-05
8 .344 121.920 0.32933C-05"
91.440 121.920 0.20208E-05
97,536 121.920 0.46761E-05
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TABLE 1-4. Estimated 8-Hour Average Concentrations of Vapor-Phase TCDD at
Receptor Locations (x, y Coordinates) A-round the Perimeter of the Herb.md e Orange
Site (continued)

8-Ho,-ir Average

X Coordinate Y Coordinate Concentration
(M) (M) (gm-)

103.632 121.920 0.19280E-05
109.728 121.920 0.47385E-05
115.824 121.920 0.19009E-05
121.920 121.920 0.38027--05
128.016 12l.920 0.1561iE-05
134.112 121.920 0.368S9E-05
140.203 121.920 0.14649E-05
146.304 121.920 0.33510E-05
152.400 121.920 0.I175SE-05
158.496 121.9 20 0. 176E-05
164.592 121.920 0.16742E-05
170.683 121.920 0.51782E-05
176.784 121.920 0.18216E-05
182.180 121.920 0. 5 4 27E-05
183.975 121.920 0.189815E-05
195.072 121.920 0.71046E-06
195.072 115.824 0.20439E-05
195.072 109.723 0.59150E-05
195.072 103.632 0.22741E-05
195.072 97.536 0.57153E-05
195.072 91.440 0.19120E-05
195.072 85.344 0.36231E-05 - 5
195.072 79.248 0.15334E-05
195.072 73.152 0.31094"7-0
195.072 67.056 0.12365E-05
195.072 60.960 0.7 1327E-06
138.97 6 60.960 0.14452"-05
182.S30 60.960 0.342241E-05
17S.734 60.9IS0 0. 12077E-05
170.618 60.960 0. 'l6i 2 -05
164.. 59,0 60.960 0.25990 E-l5
158.496 60.-2-'60 0.652357-05
152.400 60. 05 0.252977--05
14.304 60.960 0.65454E-07

146.30.4 54.364 0.23745?05
14.304 4S.763 0.24055-O.0
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TABLE B4. Estimated 8-Hour Average Concentrations of Vapor-Phase TCDD at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (glm3 )

146.304 42.672 0.99130E-06
146.304 36.576 0.24315E-05
146.304 30.480 0.17418E-05
146.304 24.384 0.16873E-05
146.304 18.288 0.10024E-05
146.304 12.192 0.14614E-05
146.304 6.096 0.19519E-05
146.304 0.000 0.22937E-05
140.208 0.000 0.24882E-05
134.112 0.000 0.70600E-05
128.016 0.000 0.27345E-05
121.920 0.000 0.60008E-05
115.824 0.000 0.22144E-05
109.728 0.000 0.50188E-05
103.632 0.000 0.19853E-05
97.536 0.000 0.54744E-05
91.440 0.000 0.22953E-05
85.344 0.000 0.47432E-05
79.248 0.000 0.18263E-05
73.152 0.000 0.51496E-05
67.056 0.000 0.19097E.05
60.096 0.000 0.43697E-05
54.864 0.000 0.15980E-05
48.768 0.000 0.13617E-05
42.672 0.000 0.10718 E-05
36.576 0.000 0.28584E-05
30.480 0.000 0.12465E-05
24.384 0.000 0.31514E-05
18.288 0.000 0.13448E-05
12.192 0.000 0.96941,E-06
6.096 0.000 0.56525E-06
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TABLE B-5. EstLmated 8-Hour Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site.

8-Hour Average

X Coordinate Y Coordinate Concentration
(M) (M) (gJm 3)

0.000 0.000 0.13637E-02
0.000 6.096 0.27748E-02
0.000 12.192 0.1866E•-02
0.000 18.283 0.68037E-02
0.000 24.384 0.49306E-02
0.000 30.480 0.17884E-01
0.000 36.576 0.47511E-01
0.000 42.672 0.18472E-01
0.000 48.768 0.47326E-01
0.000 54.864 0.17846E-01
0.000 60.960 0.48908E-02
0.000 67.056 0.67691E-02
0.000 73.152 0.18381E-02
0.000 79.248 0.32235E-02
0.000 85.344 0.13353E-02
0.000 91.440 0.38582E-02
0.000 97.536 0.23585E-02
0.000 103.632 0.28480E-02
0.000 109.723 0.42659E-02
0.000 115.024 0.14976E-02
0.000 121.920 0.42912E-02

6.096 121.920 0.4205 1E-02
12.192 121.920 0.3483SE-02
18.238 121.920 0.21065E-02
24.334 121.920 0.47413E-02
30.4S0 121.920 0.17947E-01
36.576 121.920 0.12966E-01
42.672 121.920 0.47231E.01
48.768 121.920 0.12640E+00
54.864 121.920 0.47161E-01
60.950 121.920 0.12500E,00
67.056 121.920 0.47162E-01

-3.152 121.920 0.12902E-01
-7C2 121.920 0.17897E-01
85.34A 121.920 0.46394E-02

91.440 121.920 0.20545E-02

97.-536 121 :220 0.34347E-02
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TABLE B-5. Estimated 8-Hour Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site. (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (in) (gwm 3)

103.632 121.920 0.41582E-02
109.728 121.920 0.42460E-02
115.824 121.920 0.39563E-02
121.920 121.920 0.35087E-02
128.016 121.920 0.30336E-02
134.112 121.920 0.25918E-02
140.208 121.920 0.22070E-02
146.304 121.920 0.18819E-02
152.400 121.920 0.16131E-02
158.496 121.920 0.28406E-02
164.592 121.920 0.14082E-02
170.688 121.920 0.17480E-02
176.784 121.920 0.94689E-03
182.880 121.920 0.11650E-02
188.976 121.920 0.13621E-02
195.072 121.920 0.13599E-02
195.072 115.824 0.11063E-02
195.072 109.723 0.1052SE-02
195.072 103.632 0.13726E-02
195.072 97.536 0.14995E-02
195.072 91.440 0.12191E-02
195.072 85.344 0.96305E-03
195.072 79.248 0.10260E-02
195.072 73.152 0.17636E-02
195.072 67.056 0.95543E-03
195.072 60.960 0.10017E-02
188.976 60.960 0.84227E-03
182.880 60.960 0.10075E-02
176.784 60.960 0.14166E-02
170.688 60.960 0.12627E-02
164.592 60.960 0.15417E-02
158.496 60.960 0.23129E-02
152.400 60.960 0.33423E-02
146.304 60.960 0.40916E-02
146.304 54.864 0.15012E-02
146.304 48.768 0.44511E-02
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TABLE E-5. Estimated 8-Hour Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Arouund the Perimeter of the Herbicide Orange
Site. (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m 3 )

146.304 42.672 0.10117E-02
148.304 36.576 0.44510E-02
146.304 30.480 0.12448E-02
146.304 24.384 0.40915E-02
146.304 18.288 0.88019E-03
146.304 12.122 0.356S0E-02
146.304 6.096 0.12946E-02
146.304 0.000 0.18865E-02
140.208 0.000 0.36420E-02
134.112 0.000 0.20908E-02
128.016 0.000 0.13461E-02
121.920 0.000 0.60728E-02
115.824 0.000 0.14116E-02
109.723 0.000 0.63686E-02
103.632 0.000 0.19931E-02
97.536 0.000 0.65167E-02
91.440 0.000 0.89339E-02
85.344 0.000 0.43393E-02
79.248 0.000 0.22 _6E-02
73.152 0.000 0.43739E-02
67.056 0.000 0.81820 E-02
60.096 0.000 0.63839E-02
54.864 0.000 0.19942E-02
48.768 0.000 0.63682E-02
42.672 0.000 0.15812E-02
35.576 0.000 0.60751E-02
30.480 0.000 0.13463E-02
24.384 0.000 0.21103E-02
18.288 0.000 0.36601E-02
12.192 0.000 0.19013E-02
6.096 0.000 0.12157E-02
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TABLE B-6. Estimated 8-Hour Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site

8-Hour Average
X Coordinate Y Coordinate Concentration

(m) (M) (gim3)

0.000 0.000 0.28706E-02
0.000 6.096 0.21365E-02
0.000 12.192 0.35901E-02
0.000 18.288 0.12700E-01
0.000 24.384 0.92349E-02
0.000 30.480 0.33319E-01
0.000 36.576 0.88714E-01
0.000 42.672 0.33753E-01
0.000 48.768 0.88149E-01
0.000 54.864 0,33220E-01
0.000 60.960 0.91275E-02
0.000 67.056 0.12608E-01
0.000 73.152 0.35139E-02
0.000 79.248 0.37591E-02
0.000 85.344 0.27854E-02
0.000 91.440 0.42552E-02
0.000 97.536 0.31244E-02
0.000 103.632 0.31671E.-02
0.000 109.728 0.47875E-02
0.000 115.824 0.23162E-02
0.000 121.920 0.48338E-02
6.096 121.920 0.47363E-02

12.192 121.920 0.39557E-02
18.288 121.920 0.24707E-02
24.384 121.920 0.54009E-02
30.480 121.920 0.19592E-01
36.576 121.920 0.14222E-01
42.672 121.920 0.51419E-01
48.768 121.920 0.14036z+00
54.864 121.920 0.51315-E-01
60.960 121.920 0.13595E+00
67.056 121.920 0.51274E-01
73.152 121.920 0.14097E-01
79.248 121.920 0.19487E-01
85.344 121.920 0.80671E-02
91.440 121.920 0.28173E-02
97.536 121.920 0.38551E-02
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TABLE B-8. Estimated 8-Hour Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) Around the Pe"imeter of the Herbiide Orange
Site (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m.)

103.632 121.920 0.46405E-02
109.728 121.920 0.47415E-02
115.824 121.990 0.44371E-02
121.920 121.920 0.39620E-02
128.016 121.920 0.34576E-02
134.112 121.920 0.29S84E-02
140.208 121.920 0.25810E-02
146.304 121.920 0.30304E-02
152.400 121.920 0.1956SE-02
158.496 121.920 0.41251E-02
164.592 121.920 0.15478E-02
170.688 121.920 0.33522E-02
176.784 121.920 0.15876E-02
182.880 121.920 0.12029E-02
188.976 121.920 0.12794E-02
195.072 121.920 0.12116E-02
195.072 115.824 0.91155E-03
195.072 109.728 0.90693E-03
195.072 103.632 0.12S03S-02
195.072 9 7.53 6. 1262 1E-02
195.072 91.440 0.11235E-02
195.072 85 .34 4 0.76067E-03
195.072 79.248 0.13433E-02
195.072 73.152 0.14150E-02
195.012 67.056 0.86112E-03
195.072 60.,90 0.96662E-03
183.976 60.960 0.94691E-03
182.880 60.99,0 0.10860E-02
176.784 60.960 0.22577E-02
170.688 60.960 0.26523E-02
164.592 60.960 0.24562E-02
158.496 60.950 0.27226E-02
152.400 60.960 0.26603E-02
146.3004 60.960 0.31417E-02
146.304 54.864 0.2070SE-02
146.304 48.758 0.34792Z.02
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TABLE B-6. Estimated 8-Hour Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m3 )

146.304 42.672 0.15485E-02
146.304 36.576 0.34791E-02
146.304 30.480 0.20889E-02
146.304 24.384 0.43263E-02
146.304 18.288 0.12419E-02
146.304 12.192 0.32112E-02
146.304 6.096 0.11355E-02
146.304 0.000 0.28757E-02
140.208 0.000 0.27733E-02
134.112 0.000 0.29004E-02
128.016 0.000 0.11950E-02
121.920 0.000 0.62257E-02
115.824 0.000 0.13404E-02
109.728 0.000 0.47161E-02
103.632 0.000 0.19684E-02

97.536 0.000 0.46529E-02
91.440 0.000 0.66992E.02
85.344 0.000 0.32234E.02
79.248 0.000 0.24077E-02
73.152 0.000 0.31848E-02
67.056 0.000 0.57105E.02
60.096 0.000 0.45089E-02
54.864 0.000 0.18740E-02
48.768 0.000 0.55129E-02
42.672 0.000 0.23371E.02
36.576 0.000 0.62320E-02
30.480 0.000 0.11376E.02
24.384 0.000 0.35574E.02
18.288 0.000 0.4G905E-02
12.192 0.000 0.28706E-02
6.096 0.000 0.17343E-02
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TABLE B-7. Estimated Annual Average Concentrations of Vapor-Phase TCDD at

Receptor Locations (x, y Coordinates) Arciand the Perimeter of the Herbicide Orange
Site

Annual Average

X Coordinate Y Coordinate Concentration
(M) (M) (gun3)

0.000 0.000 0.27181E-07
0.000 6.096 0.17907E-07
0.000 12.192 0.39565E-07
0.000 18.288 0.23135E-07
0.000 24.384 0.33036E-07
0.000 30.480 0.29449E-07
0.000 36.576 0.425487-07
0.000 42.672 0.22340E-07
0.000 48.768 0.32476z,-07
0.000 54.864 0.27345E-07
0.000 60.960 0.25992E-07
0.000 67.056 0.58786E-07
0.000 73.152 0.18103E-06
0.000 79.248 0.63799E-07
0.000 85.344 0.16725E-06
0.000 91.440 0.59067E-07
0.000 97.536 0.48434E-07
0.000 103.632 0.4283- r".07

0.000 109.728 0.49257E-07
0.000 115.824 0.31717E-07

F. 0.000 121.920 0.31036E-07
6.096 121.920 0.20699--07

12.192 121.920 0.44833E-07

18.288 121.920 0.63311E-07
24.314 121.920 0.34396E-07
30.480 121.920 0.n 8 20 07
36.576 121.920 0.16333E-06
42.672 121.920 0.17602E-06
48.763 121.920 0.10262E-06
54.864 121.920 0.82799E-07

60.960 121.9.;.u 0.10569E-06
67.056 121.920 0.16133E-06
73.152 121.920 0.14676E-06
7?.248 121.920 0.87302E-07

85.344 121.920 0.11727E-06
91.440 121.920 0.72175rE-07

97.536 121.920 0.16701iE-06
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TABLE B-7. Estimated Annual Average Concentrations of Vapol-Phase TCDD at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site (continued)

Annual Average
X Coordinate Y Coordinate Concentration(M) (M) (g/MI

103.632 121.920 0.68860E-07
109.728 121.920 0.16924E-06
115.824 121.920 0.67892E-07
121.920 121.920 0.13581E-06
128.016 121.920 0.557B1E-07134.112 121.920 0.13175E-06
140.208 121.920 0.52321E-07
146.304 121.920 0.119682-06
152.400 121.920 0A1996r-07
158.496 121.920 0.10063E-06
164.592 121.920 0.59795E-07
170.688 121.920 0.18494E-06
176.784 121.920 0,65060E-07
182.880 121.920 0.19403E-06
1U;.976 121.920 0.67809t-07
195.072 U21.920 0,25374E-07
195.072 115.824 0.72998.-07
195.072 109.728 0.21126 -06
195.072 103.632 0.8 12 2.07
195.072 97.536 0.20414-P06
195.072 91.440 0.682372E-07
195.072 85.344 0.129422-06
195.072 79.248 0.5476SE-07
195.072 73.152 0.13249--06
195.072 67.056 0.459512-07
195.072 60.9-60 0.2545" - 7
188.976 60.960 0.51618E-07
182,880 60.960 0.12223E-06
176.784 60.960 0.43134E-07
170.688 60.960 0.1150.3t-06
164.592 60.960 0.928274.07
158.496 60.960 0.2:3317Z-06
152.400 60.960 0.90349r-07
146.304 60.960 0,.. 233706
146.304 54.864 0.3480SE.07
146.304 48.768 0.a591Z-c)7
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1ABLE .3-7. Estimated Annual Average Concentrations of Vapor-Phase TCDD at
Receptor Locations (x, y Coordinates) A,-ound the Peimeter of the Herbicide Oran-e
Site (contLnued)

Annual Average
X Coordinate Y Coordinate Concentration

(M) (M) (gimn)

145.304 42.672 0.35405E-07
146.304 3'6.76 0.86842E-07
146.304 30.480 0.62209E-07
146.304 24.384 0.60264E-07
146.304 18.288 0.35802AE-07
146.304 12.192 0.52195E-07
146.304 6.096 0.69714E-07
146.30-1 0.000 0.81921E-07
140.208 0.000 0.8869E,-07
134.112 0.000 0.25215E-06
123.C16 0.000 0.97565E-07
121.920 0.000 0.21432.E-06
115.824 0.000 0.7903SE-07
109.723 0 0 1 0.17012•E-06
103..632• 0.000 0.70906E-07

97.53j 0.000 0.19552Z-06
91.440 0.000 0.81979E-07
85.344 0.000 0.169-41 E- 0
79.248 0.000 0.65227E-07
73.152 0.000 0. 1, 3,2E - 0 6
67.056 0.000 0.65207E-07
60.096 0.000 0.15•-6 -D 7,G
54.864 0.000 0.57075E-07
48.703 0.000 0.43 Al 1 5'E-0 0
42.672 0.000 0..3 3Z..E
36.576 0.000 0.102" 0.C3
30.480 0.000 0.-4 521-. • E07
24.384 0.000 0.1125-.E 0 6
18.233 0.000 0. 4 03C E 0
12.192 0.000 0.346 h , 1--,E- 07 J
6.096 0.,1j 00 0.201S S3-07

2 2 6_____________________ _______________________________________________



TABLE B-8. Estimated Annual Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site

Annual Average

X Coordinate Y Coordinate Concentration
(M) (M) (g/m3)

0.000 0.000 0.48697E-04
0.000 6.096 0.99089E-04
0.000 12.192 0.66645E-04
0.000 18.288 0.24296E-03
0.000 24.384 0.17607E-03
0.000 30.480 0.63862E-03
0.000 36.576 0.16966E-02
0.000 42.672 0.65962E-03
0.000 48.768 0.16900E-02
0.000 54.864 0.63726E-03
0.000 6VI.9<0 0.17465E-03
0.000 67.056 0.24172E-03
0.000 73.152 0.65633E-04
0.000 79.248 0.11511"-03
0.000 85.344 0.47684E-04
0.000 91.440 0.13777E-03
0.000 97.536 0.84221E-04
0.000 103.632 0.10170E-03
0.000 109.728 0.15233E-03
0.000 115.824 0.53477E-04
0.000 121.920 0.15324E-03
6.096 121.920 0.15016E-03

12.192 121.920 0.12440E-03
18.288 121.920 0.75222E-04
24.384 121.920 0.16931E-03
30.480 121.920 0.64038E-03
36.576 121.920 0.,16302E-03
42.672 121.920 0.163656E-02
48.768 121.920 0.4513GE-02
54.864 121.920 0.16841-E02
60.960 121.920 0.44G37E-02
67.056 121.920 0. 16842E-02
73.1.52 121.920 0.4607 3Z,'-03
79.243 121.920 0.639!0E-03
855.344 121.920 0. 16746E-03
91.440 121. 920 0,7237G.-04 G
97.536 121.920 0. 1 6-5E • 03
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TALT B-.8. Estimated Annual Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) A."rond the Perimeter of tfhe Herbicide Orange
Site (continued)

Annual Average

X Coordinate Y Coordinate Concentration
(M) (M) (g/mc )

103.632 121.920 0.14849E-03
109.728 121.920 0.15162E-03
115.824 121.920 0.1412SE-03
121.920 121.920 0.12530E-03
128.016 121.920 0.10333E-03
134.112 121.920 0.92551E-04
140.208 121.920 0.78812E-04
146.304 121.920 0.67201E-04
152.400 121.920 0.57602E-04
158.496 121.920 0.10144E-03
164.592 121.920 0.5023S8E-04
170.688 121.920 0.62420E-04
176.784 121.920 0.33813E-04
182.380 121.920 0.41601E-04
188.976 121.920 0.48641, -04
195.072 121.920 0.48562E-04
195.0712 115.824 0.39507E-04
195.072 109.723 0.37595E-04
195.072 103.632 0.49014E-04
195.072 97.53-5 0.53545E-04t
195.072 91.440 0.43535E-04
195.072 85.344 0.34390E-04
195.072 -99.248 0.36637'r- 04
195.072 73.152 0.62979E-04
195.072 67.056 0.34118E-04
195. 0 72 C10. 9 60 0.3357,7 0-0,1
133.976 60.900 0.30077E-04
182.880 60.960 0.35979,-04
176.784 G 0. 9 F0 0. 50 5 5 E-0 4
170.683 60.9.0 0.450979-04
164.592 60.960 0.55053E-04
158.496 60.99 0 0
152.400 60.9c0 0. I25E-03
146.304 60.960 0. 1 0G11iF-03
146.304 54.2C54 0.53C53E-04
146.304 43.7C3 0. 15 9 0E.03
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TABLE B-8. Estimated Annual Average Concentrations of Vapor-Phase 2,4-D at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicde Orange
Site (continued)

Annual Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m3)

146.304 42.672 0.36126E-04
146.304 36.576 0.15895E-03
146.304 30.480 0.44450E-04
146.304 24.384 0.14610E-03
146.304 18.288 0.31431E-04
146.304 12.192 0.12741E-03
146.304 6.096 0.46232E-04
146.304 0.000 0.67366E-04
140.208 0.000 0.13006E-03
134.112 0.000 0.74662E-04
128.016 0.000 0.48068E-04
121.920 0.000 0.21686"Z-03
115.824 0.000 0.50407E-04
10)9.728 0.000 0.22742E-03
1I3.632 0.000 0.71174E-04
97.536 0.000 0.23271E-03
9..440 0.000 0.331903E-03
85.344 0.000 0.1567.4 E-03
79.248 0.000 0.8 iOO9E-04
73.152 0.000 0.156'19E-03
67.056 0.000 0.,2,9 E.S ,--03
60.096 0.000 0.22797E-03
54.864 0.000 0.71 13E-04
48.768 0.000 0.2 274 4 .1 E,-O 3
42.672 0.000 0.564G5E-04
36.576 0.000 0.2169 4-03
30.480 0.000 0.48095E-04
24.384 0.000 0.75359E-04
18.28S 0.000 0.130 'OE-03
12.192 0.000 0.67904E-04

6.096 0.000 0.434!2E-04
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TABLE B.9. Estimated Annual Average Concentration3 of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) ro:'nd the Perimeter of the Herbicide Orange

Site

Annual Avaarage
X Coordinate Y Coordinate Concentration

(M) (M) (g/m3 )

0.000 0.000 0.10251E-03
0.000 6.096 0.76294E-04
0.000 12.192 0.12820E-03
0.000 18.238 0.45352E-03
0.000 24.384 0.32973E-03
0.000 30.480 0.11898E-02
0.000 36.57, 0.31679E-02
0.000 42.672 0.12053E-02
0.000 48.7S3 0.31478Z-.-02
0.000 54.8 6,1 0.11863E-02
0.000 60.960 0.32594E-03
0.000 67.056 0.45022E-03
0.000 73.152 0.12548E-03
0.000 79.248 0.13424E-03
0.000 85.344 0.99465E-04
0.000 91.440 0.15195E-03
0.000 97.536 0.11157rE-03
0.000 103.632 0.11310E-03
0.000 109.723 0.17096E-03
0.000 115.824 0.82712E-04
0.000 121.920 0.17261E-03
6.096 121.920 0.16913E-03

12.192 121.920 0.1412SE-03
18.288 121.920 0.88223E-04
24.384 121.920 0.19286E-03
30.480 121.920 0.69962E-03
36.576 121.920 0.50783E-03
42.672 121.920 0.15362E-02
48.768 121.920 0.50121E-02
54.364 121.920 0.1832SE-02
60.S60 121.920 0.48547E-02
67.050 121... 0.18310E102
73.152 121.92 J 0.50333E-03
79.248 121.920 0.69537E-03
85.344 121.920 0.2,50717-03
91.440 121.920 0.10060 E-03
97.536 121.920 0.13767E-03
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TABLE B-9. Estimated Annual Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide Orange
Site (continued)

Annual Average
X Coordinate Y Coordinate Concentration

(M) (M) (glm3 )

103.632 121.920 0.16571E-03
109.728 121.920 0.16932E-03
115.824 121.920 0.15845E-03
121.920 121.920 0.14148E-03
128.016 121.920 0.12347E-03
134.112 121.920 0.10672E-03
140.208 121.920 0.92168E-04
146.304 121.920 0.10821E-03
152.400 121.920 0.69877E-04
158.496 121.920 0.14731E-03
164.592 121.920 0.55273E-04
170.688 121.920 0.11970E-03
176.784 121.920 0.56691E-04
182.830 121.920 0.42956E-04
188.976 121.920 0.45687E-04
195.072 121.920 0.43265E-04
195.072 115.824 0.32551E-04
195.072 109.728 0.32386E-04
195.072 103.632 0.45736E-04
195.072 97.536 0.45069E-04
195.072 91.440 0.40119E-04
195.072 85.344 0.27163E-04
195.072 79.248 0.47968E-04
195.072 73.152 0.50529E-04
195.072 67.056 0.30750E-04
195.072 60.960 0.34518E-04
188.976 60.960 0.33314E-04
182.880 60.960 0.38783E-04
176.784 60.960 0.80621E-04
170.688 60.960 0.94715E-04
164.592 60.960 0.87710E-04
158.496 60.960 0.97224E-04
152.400 60.960 0.94999E-04
146.304 60.960 0.11219E-03
146.304 54.864 0.73949E.04

146.304 48.768 0.12424E 03
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TABLE D.-9. Estimated Annual Average Concentrations of Vapor-Phase 2,4,5-T at
Receptor Locations (x, y Coordinates) ArouLnd t~he Perimeter of the Herbicide Orange
Site (continued)

Annual Ave-rae
X Coordinate Y Coordinate Concentration

(M) (m) (gMn3)

146.304 42.672 0.55298E-04
146.304 36.576 0.12424E-03
146.304 30.480 0.74594E-04
146.304 24.384 0.15449E-03
146.304 18.288 0.44348E-04
146.304 12.192 0.11467E-03
146.304 6.096 0.40550E-04
146.304 0.000 0.10269E-03
140.208 0.000 0.99033E-04
134.112 0.000 0.10357E-03
128.016 0.000 0.42672E-04
121.920 0.000 0.22232E-03
115.824 0.000 0.47864E-04
109.728 0.000 0.16342!E-03
103.632 0.000 0.70291 IE-04
97.536 0.000 0.16615'7-03
91.440 0.000 0.23923E-03
85.344 0.000 0.11511E-03
79.243 0.000 0.85978E-04
73.152 0.000 0.11373E-03
67.056 0.000 0.20392E-03
60.096 0.000 0.16101zE-03
54.864 0.000 0.66920E-04
48.763 0.000 0.19686r-03
42.672 0.000 0.83456K-04
36.576 0.000 0.22254 E-03
30.480 0.000 0.40624E-04
24.384 0.000 0.12703E-03
18.238 0.000 0.16750E-03
12.192 0.000 0.1025!E-03
6.096 0.000 0.61930E-004
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TABLE B-10. Estimated i-Hour Average Concentrations of Particle-Associated
TCDD at Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide
Orange Site During Excavation

C-Hour Average
Coordinate Y Coordinate Concentration

(M) (M) (g/m3)

0.000 0.000 0.79800E-07
0.000 6.096 0.51560E-06
0.000 12.192 0.64930E-06
0.000 18.288 0.10700E-06
0.000 24.384 0.69100E-06
0.000 30.480 0.54920E-06
0.000 36.576 0.33510E-06
0.000 42.672 0.91270E-06
0.000 48.768 0.17620E-06
0.000 54.864 0.10329E-05
0.000 60.960 0.11560E-06
0.000 67.056 0.10329E-05
0.000 73.152 0.17530E-06
0.000 79.248 0.91270E-06
0.000 85.344 0.33530E-06
0.000 91.440 0.54920E-06
0.000 97.536 0.69120E-06
0.000 103.632 0.10700E-06
0.000 109.728 0.64920E-06
0.000 115.824 0.51560E-06
0.000 121.920 0.79800E-07
6.096 121.920 0.36670E-06

12.192 121.920 0.78420E-06
18.288 121.920 0.38060E-06
24.384 121.920 0.28400E-06
30.480 121.920 0. 10137E-05
36.576 121.920 0.26380E-06
42.672 121.920 0.95500E-06
48.768 121.920 0.52050E-06
54.864 121.920 0.10385E-05
60.960 121.920 0.43080E-06
67.056 121.920 0.1362SE-05
73.152 121.920 0.16800E-06
79.243 121.920 0.13630E-05
85.344 121.920 0.43080E-06
91.440 121.920 0.10389E-05
97.535 121.920 0.52050E-06
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TABLE B-!O. Estimated 1-Hour Averag-e Concentrations of Particle-Associated
TCDD at Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide
Orange Site During Excavation (continued)

l-Hour Average3

X Coordinate Y Coordinate Concentration
(M) (M) (g/m 3)

103.632 121.920 0.95530E-06
109.728 121.920 0.26360E-00
115.824 121.920 0.10137E-05
121.920 121.920 0.28420E-06

128.016 121.920 0.38040E-06

134.112 121.920 0.78420E-06
140.20S 121.920 0.36680E-06
146.304 121.920 0.79800E-07
152.400 121.920 0.33700 E -0a
158.496 121.920 0.54250E-06
164.592 121.920 0.43790E-06
170.683 121.920 0.20460E-06
176.784 121.920 0.62800E-07
182.380 121.920 0.85300E-07
135.976 121.920 0.13310E-06
195.072 121.920 0.27900E-06
195.072 115.824 0.34480E-06
195.072 109.723 0.14160E-06

195.07•2 103.632 0.66800E-0 0 "

195.072 97.530 0.30220E-06
195.072 91.440 0.37230E-06
195.072 85.344 0.11370E-06
195.072 79.248 0.12900E-06
195.072 73.152 0.40520E-06
195.072 67.056 0.27770E-06
195.072 60.960 0.40000E-07

188.976 60.960 0.44500E-07

182.380 60.960 0.49900E-07

176.734 60.9-0 0.56200E-07
170,658 60.9650 0.63700E-07

164.592 60.960 0.72900E-07
158.496 60.960 0.84000E-07

152.400 60.960 0.9S000EO07
,46.460.950 0.11550E-06
146.304 54.64 0.10330E-05
146.304 48.753 0.17620E1-0
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TABLE B-10. Estimated 1-Hour Average Concentrations of Particle-Associated
TCDD at Receptor Locations (X, y Coordinates) Around the Perimeter of the Herbicide

Orange Site During Excavation (continued)

1-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) Cg/m 3)

146.304 42.672 0.91210E-06 V
146.304 36.576 0.33520E-06

146.304 30.480 0.54940E-06 [7

146.304 24.384 0.691•0E-06
146.304 18.288 0.10700E-06
146.304 12.192 0.64930E-06
146.304 6.096 0.5155021-06
146.304 0.000 0.79SOOE-07
140.208 0.000 0.36680E-06
134.112 0.000 0.78420E-06
128.016 0.000 0.38040E-06
121.920 0.000 0.28420E-06
115.824 0.000 0.10137E-05
109.728 0.000 0.26360E-06
103.632 0.000 0.95520E-06

97.536 0.000 0. 2o030E-6 0
91.440 0.000 0.10387E-05
85.344 0.000 0.43060E-06
79.248 0.000 0.13629E-05 p

73.152 0.000 0.16810E-06
67.056 0.000 0.13629E.05
60.096 0.000 0.43090E-06
54.864 0.000 0.10387E-05
48.768 0.000 0.52060E-06
42.672 0.000 0.95520E-06
36.576 0.000 0.26360E-06
30.480 0.000 0.10137E-OD/
24.384 0.000 0.2O410E-06
18.288 0.000 0.38040E-06i
12.192 0.000 0.78420E-06
6.096 0.000 0.36680E-06
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TABLE B-I1. Estimated 1-Hour Aver3,-: Concenrtions of Particle-Associated 2,4-D
at Receptor Locations (x, y Coorchlatas) Around thJe Perimeter of the Herbicide
Orange Site During Excavation

1-Hour Average

X Coordinate Y Coordinate Concentration
(M) (m) (g/m 3 )

0.000 0.000 0.48800E-05
0.000 6.096 0.31510E-04
0.000 12.192 0.396802-04
0.000 18.288 0.65400E-05
0.000 24.384 0.422302-04
0.000 30.480 0.33560E-04
0.000 36.576 0.20480E-04
0.000 42.672 0.55780E-04
0.000 48.763 0.10770E-04
0.000 54.864 0.63120E-04
0.000 60.960 0.70600E-05
0.000 67.056 0.63120E-04
0.000 73.152 0.10770E-04
0.000 79.248 0.55730E-04
0.000 85.344 0.20490E-04
0.000 91.440 0.335C0E-04
0.000 97.533 0.42240E-04
0.000 103.632 0.65400E-05
0.000 109.723 0.39680E-04
0.000 115.824 0.31510E-04
0.000 121.920 0.48800E-05
6.096 121.920 0.22410E-04

12.192 121.920 0.47920E-04
18.283 121.920 0.23260E-04
24.384 121.920 0.17360E-04
30.480 121.920 0.61950E-04
36.576 121.920 0.16120E-04
42.672 121.920 0.58360E-04
48.763 121.920 0.31810E-04
541.864 121.920 0.63460E-04
60.9 60 121.920 0.26330F -04
67.056 121.920 0.832S0E-04
73.152 121.920 0.102•30-04
79.243 121.92C 0.3 300.-0
85Z..3 12.020 0.233003-04 "0
91.-.0 121.920 0.6,90 i-04
97.5 26 121.920 0.31810-04
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TABLE B-11. Estimated i-Hour Average Concentrations of Particle-Associated
2,4-D at Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide
Orange Site Duxing Excavation (continued)

1-Hour Average

X Coordinate Y Coordinate Concentration
(M) (M) (gim 3)

103.632 121.920 0.58380E-04
109.728 121.920 0.161IOE-04
115.824 121.920 0.61950E-04
121.920 121.920 0.17370E-04
128.016 121.920 0.23250E-04
134.112 121.920 0.47920E-04
140.208 121.920 0.22420E-04
146.304 121.920 0.48800E-05
152.400 121.920 0.201i90E-04
158.496 121.920 0.33160E-04
164.592 121.920 0.26760E-04
170.688 121.920 0.12510E-04
176.784 121.920 0.38400E-05
182.880 121.920 0.52100E-05
188.976 121.920 0.11190E-04
195.072 121.920 0.17050E-04
195.072 115.824 0.21070E-04
195.072 109.728 0.86500E-05
195.072 103.632 0.40800E-05
195.072 97.536 0.18470E-04
"195.072 91.440 0.22750E-04
195.072 85.344 0.69500E-05

195.072 79.248 0.78800E-05
195.072 73.152 0.24760E-04
195.072 67.056 0.16970E-04
195.072 60.960 0.24500E-05
188.976 60.960 0.27200E-05
182.880 60.960 0.30500E-05
176.784 60.960 0.34300E-05
170.688 60.960 0.38900E-05
164.592 60.960 0.44500E-05
158.496 60.960 0.51400E-05
152.400 60.960 0.59900E-05 O... "

146.304 60.960 0.70600E-05
146.304 54.864 0.63130E-04
146.304 48.768 0. 10770E-04

237

!4



TABLE B-!i. Estimated 1-Hour Avera.te Concentrations of Particie-Assciated
2,4-D at Receptor Locations (x, y Coordinates) Arz:und the Perimeter of the Herbicide
Orange Site During Excavation (continued)

1-Hour Average
X Coordinate Y Coordirnata Concentration(M) (M) (g/M3)

146.304 42.672 0.55780E-04
146.304 36.576 0.20490E-G4

146.304 30.480 0,33570E-04
146.304 24.384 0.42230E-04
146.304 18.288 0.65400E-05a
146.304 12.192 0.396o8E-04
146.304 6.096 0.31500E-04
146.304 0.000 0.48800E-05
140.208 0.000 0.22420E-04
134.112 0.000 0.47920E-04
128.016 0.000 0.23250E-04
121.920 0.000 0.17370E-04

115.824 0.000 0.61950E-04
109.728 0.000 0.16110E-04
103.632 0.000 0.58370E-04
97.536 0.000 0.31800E-04
91.440 0.000 0.63480E-04
85.344 0.000 0.26310E-04
79.248 0.000 0.83290E-04
73.152 0.000 0.10270E-04
67.056 0.000 0.83290E-04
60.096 0.000 0.26330E-04

54.864 0.000 0.634,0E-04
48.768 0.000 0.31S20E-04

42.672 0.000 0.53370E-04

36.576 0.000 0.16110E-04

30.480 0.000 0.61950E-04
24.384 0.000 0.17360 Z-04
18.253 0.000 0.23250E-04

12. 92 0.000 0.47920E-04

6.096 0.000 0.22420E-04
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TABLE B-12. Estimated 1-Hour Average Concentrations of Particle-Associated
2,4,5-T at Receoptor Locations (x, y Coordinates) Around the Perimeter of the
Herbicide Orarnig Site During Excavation

1 Hour Average

X Coordinate Y Coordinate Concentration(M) (M) (g/m3)

0.000 0.000 0.17290E-04
0.000 6.096 0.11171E-03
0.000 12.192 0.14069E-03
0.000 18.288 0.23180E-04
0.000 24.384 0.14972E-03
0.000 30.480 0.11900E-03
0.000 36.576 0.72610E-04
0.000 42.672 0.19775E-03
0.000 48.768 0.38170E-04
0.000 54.864 0.22380E-03
0.000 60.960 0.25040E-04
0.000 67.056 0.22380E-03
0.000 73.152 0.38200E-04
0.000 79.248 0.19775E-03
0.000 85.344 0.72660E-04
0.000 91.440 0.11900rE-03
0.000 97.536 o0.14976E-03
0.000 103.632 0.23180E-04
0.000 109,728 0.14067E.03
0.000 115.824 0.11171E-03
0.000 121.920 0.17300E-04
6.096 121.920 0.79450E.04

12.192 121.920 0.16991E.0318.288 121.920 0.82450E-04
24.334 121.920 0.61540E-04

30.480 121.920 0.21963E.03
36.575 121.920 0.57150r-04
42.672 121.920 0.20692E-03
48.768 121.920 0.11278E-03
54.864 121.920 0.2201,.-0, 2 -

60.950 121.920 0.9334,0E-04
67 .0 5 121,.920 0.2952 S2,- 0 3
73.152 121.920 0. 3 G39004
79.248 121.920 0.20532--03
85.344 121.920 0,933402E-04
91.440 121.9" 0 0.2•2 5 ,107.03
97.53 G 121.920 0. 11272E-03
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TAkBLE D-12. Estimated 1-Hou1011Z Av, C.." -+-4ns of Par••ce-Associated
2,4,5-T at Receptcr Locations (:, y CoAdnnats) -round the Perimeter of the
Herbicide Orange Site Duing Excavation (ccninucd)

Annual Average
X Coordinate Y Coordinate Concentration

(o) (ra) (g/M&)

103.632 121.920 0.20698-E3
109.723 121.920 0.57110E-04
115.824 121.,20 0.21963E-03
121.920 121.920 0.61570E-04
123.016 121.920 0.82420E-04
134.112 121.920 0.1699 1E-03
140.203 121.920 0.79480E-04
146.304 121.920 0.172C0E-04
152.400 121.920 0.715904-04
158.496 121.920 0.11755E-03
164.592 121.920 0.94880Z-04
170.683 121.920 0.44340E-04
176.784 121.920 0.13610"-04
12.350 121.920 0.18430E-04
188.970 121.920 0.39660":04
195.072 121.920 0.60440:-04
195.072 115.824 0.74710E-04
195.072 109.723 0.30630E-04
195.072 103.632 0.14470E-04
195.072 97.53G 0.654S0E-04
195.072 91.440 0.80670E- '
195.072 85.344 0.24640E-04
195.072 79.24 2 0.27940E-04
195.072 73.152 0.87751 0-04
195.072 67.05G 0.60170!-04
195.072 60.950 9.16700S-O5
12,3, 0 75CI 60. - -1:01 0.906 5 C () E 5

132.880 60.9.0 0. 10 3 1020-4
176.784, 6 0. 9 1,00. 1-917 a -Gt
170.SS8 (0.96 0.1 3'd I-04
1 4.592 60.9F0 0. 15720M%-
15.96 60.0339 .13210 C-04
152.400 c0. 0C 0.212,>'D.04
146.204 50.950 0.250(Y'. <4
14.04.204• .2 0.22231Z-.1.3
145.30- 44.753 0.23180.-0.3
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TABLE E-12. Estimated 1-Hour Average Concentrations of Particle-Associated
2,4,5-T at Receptor Locations (x, y CoordLnates) Around the Perimeter of the

Herbicide Orange Site During Excavation (continued)

Annual Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m3)

146.304 42.672 0.19777E-03
146.304 36.576 0.72630E-04
146.304 30.480 0.11903E-03
146.304 24.384 0.14973E-03
146.304 18.288 0.23190E'04
146.304 12.192 0.14069E-03
146.304 6.096 0.11169E-03
146.304 0.000 0.17290E-04
140.208 0.000 0.79480E-04
134.112 0.000 0.16991E-03
128.016 0.000 0.82420E-04
121.920 0.000 0.61570E-04
115.824 0.000 0.21963E-03
109.723 0.000 0.57110E-04
103.632 0.000 0.20696E-03
97.536 0.000 0.11273E-03
91.440 0.000 0.22506E-03
85.344 0.000 0.93290E-04
79.248 0.000 0.29530E-03
73.152 0.000 0.36410E-04

67.056 0.000 0.29530E-03
60.096 0.000 0.93370E-04

54.864 0.000 0.22506E-03
48.768 0.000 0.112S0E-03
42.672 0.000 0.20696E-03
36.576 0.000 0.57110E-04

30.480 0.000 0.21963E-03
24.3S4 0.000 0.61570E-04
18.288 0.000 0.82420E-04

12.192 0.000 0.1699!E-03
6.096 0.000 0.79480E-04
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TABLE 13-13. Estimated 8-Hour Avý,ý.ra-p Concant-azions of Particlc-Associatad

TCDD at Receptor Locations (x, y Coordnaztes) Arouid the Perimeter of the Herbicide

Orange Sita During E:xcavation

8.Hour Average

X Coordinate Y Coordh-ta Concentration
)(M) (g/m 3)

0.000 0.003 0.55960E-07
0.000 6.096 0.36092E-00

0.000 12.192 0.4545iE-06

0.000 18.238 0.74900E-07

0.000 24.334 0.48370E-06

0.000 30.480 0.38444E-06

0.000 36.57h 0.23457E-06
0.000 42.672 0.63889E-CS
0.000 48.763 0.12334E-06
0.000 54.8,4 0.72303E-06
0.000 60. 9IS0 0.80920E-07

0.000 67.056 0.72303E-06
0.000 73.152 0.12341E-06
0.000 79.24e 0.63389E-06
0.000 85.344 0.23471E-06
0.000 90.440 0.38444E-06
0.000 97C.3 C 0.48384E-06
0.000 103.632 0.7490OE-07
0.000 109.723 0.45444E-08
0.000 115.224 0.36092E-06

0.000 121.920 0.55860E-07

6.096 121.920 0.256 U'- 06

12.192 121.920 0.54894E-06
18.263 121.ý20 0.26-42E-,06
24.384 121.920 0. 19 _q0 0

30.480 121.20 0.7095D7-06
36.575 121.920 0.1846SE-06

42.672 121.920 0.66350E-06

48.75: 121.920 0.36435E-06

54.,86) 4 121.S20 0.72-95 -06

60.95'0 121.920 0.30156E-06

67,052 121.920 0.CO761?-0S73.2 1.2 20 '• 0. 117 Fj ,0 ,7- 03

"79. 2,3 121.92.0 0.954 !0 10 7,2-

85.34 4 121.920, 0.3015 0 6

91.440 121.920 0.7'2 74 -0'

9,7.5`3 6 121 .1 . 0.3,6,35E-06
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TABLE Bol. Estimated 8-Hour Average Concentrations of Parti-le-Associated
TCDO at Receptor Locations (X, y Coordinates) Around the Perineter of the Herbicide
Qrari&;e Site During Excavation (continued)

8-Hour Average
SCoordinate Y Coordinate Concentration

(M) (M) (glm3)

?.03.632 121.920 0.66871E-06
28 121.920 0.18452E-06

115.824 121.920 0.70959E.06
121.920 121.920 0.19894E-06

128.016 121.920 0.26628E-06
134.112 121.920 0.54894E-06
140.208 121.920 0.25676E-06
146.304 121.920 0.558601E-07
.52.400 121.920 0.2312SE-06
158.496 121.920 0.37975E-06
164.592 121.920 0.30653E-06
170.688 121.920 0.14322E-06
176.784 121.920 0.43960E-07
182.860 121.920 0.59710E-07
188.976 121.920 0.12817E.06
195.072 121.920 0.19530E-06
195.072 115.824 0.24136L-06
195.072 109.728 0.99120E-07
195.072 103.632 0.46760E.07
195.072 97.536 0.21154E-06
195.072 91.440 0.26061E-06
195.072 85.344 0.79590E:07
195.072 79.248 0.90300E-07
195.072 73.152 0.28364E-06
195.072 67.056 0.19439E-06
195.072 60.960 0.28000E-07
188.976 60.960 0.31150S-07
182.880 60.960 0.34930Er07
176.784 60.960 0.39340E.07
170.688 60.960 0.44590E-07
164.592 60.960 0.51030E-07158.496 60.960 0.58800E.07
152.400 60.960 0.68600E.07146.304 60.960 0.80850E.07146.304 54.864 0.723I0E-0G

146.304 48.768 0.12334E.0-
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TABLE E13.. Estimated 8-Hour Averag•,e Concentrations of Particle-Asociated
TCDD at Receptor Locations (x, y Coordtinates) Around the Peri-eter ofthe Herbicide
Orange Site Dusing Excavation (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m 3)

146.304 42.672 0.63896E-06
146.304 3S.576 0.23464E-06
146.304 30.480 0.3845SE-06
146.304 24.334 0.48377E-06
146.304 18.2S8 0.74900E-07
146.304 12.192 0.45451E-06
146.304 6.096 0.36085E-06
146.304 0.000 0.55S60E-07
140.208 0.000 0.2567 E-06
134.112 0.000 0.54894E-06
128.016 0.000 0.2662SE-06
121.920 0.000 0.19894E-06
115.824 0.000 0.70959E-06
109.728 0.000 0,18452E-06
103.632 0.000 0.66364E-06

97.530 0.000 .036421E-06
91.440 0.000 0.72709E-00-
85.344 0.000 0.30 142E-06
79.243 0.000 0.95403E-06
73.152 0.000 0.1176iE-06
67.056 0.000 0.950,03E-06
60.095 0.000 0.30163E-06
54.864 0.000 0.72709E-06
48.7•63 0.000 0.36442E-05
42.672 0.000 0.66864E-06
36.576 0.000 0.18452E-06
30.480 0,000 0.70959E-06
24.3134 0.000 0.19887E-06
15.283 0.000 0.266237-06
12.192 0.000 0.54894E-06
6.096 0.000 0.25676E-06S
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TABLE B-14. Estimated 8-Hour Average Concentrations of Particle-Associated
2,4-D at Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide
Orange Site During Excavation

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m3 )

0.000 0.000 0.3416GE-05
0.000 6.096 0.22057E-04
0.000 12.192 0.27776E-04
0.000 18.288 0.45780E-05
0.000 24.384 0.295612-04
0.000 30.480 0.23492E-04
0.000 36.576 0.1433SE-04
0.000 42.672 0.39046E-04
0.000 48.768 0.75390E-05
0.000 54.864 0.44184E-04
0.000 60.960 0.49420E-05
0.000 67.056 0,44184E-04
0.000 73.152 0.75390E-05
0.000 79.248 0.39046E-04
0.000 85.344 0.14343E-04
0.000 91,440 0.23492E-04
0.000 97.536 0.29568E-04
0.000 103.632 0.45780E-05
0.000 109.728 0.27776E-04
0.000 115.824 0.22057E-04
0.000 121.920 0.34160E-05
6.096 121.920 0.15687E-04

12.192 121.920 0.33544E-04
18.288 121.920 0.16282E-04
24.384 121.920 0.12152E-04
30.480 121.920 0.43365E-04
36.576 121.920 0."112'E-04
42,672 121.920 0.40352E-04
48,768 121.920 0.22267E-04
54.864 121.920 0.44422E-04
60.960 121.920 0.18431E-04
67.056 121.920 0.58296"-04
73.152 121.920 0.71820E-05
79.248 121.920 0.58310E-04
85. 244 121.920 0.18431E-04
91.440 121.920 0.44443E-04
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TABLE B-14. Estimated 8-1Hour Average Concentrations of Pa-ticle-Aasociated
2,4-D at Raec.ptor Locations (x, y Coordinates) lAround the Perimeter of the Herbicide
Orange Site Durina Excavation (contijued)

8-Hour Average
X Coordiinate Y Coordinate Concentration

(M) (M) (glm 3)

97.536 121.920 0.22267E-04
103.632 121.920 0.40866E-04
109.728 121.920 0.11277E-04
115.824 121.920 0.43365E-04
121.920 121.920 0.12159E-04
128.016 121.920 0.16275E-04
134.112 121.920 0.33544E-04
140.208 121.920 0.15694E-04
146.304 121.920 0.34160E-05
152.400 121.920 0.14133E-04
158.496 121.920 0.23212E-04
164.592 121.920 0.18732E-04
170.688 121.920 0.87570E-05
176.784 121.920 0.26830E-05
182.880 121.920 0.36470E-05
188.976 .121.920 0.78330E-05
195.072 121.920 0.11935E-04
195.072 115.824 0.14749E-04
195.072 109.723 0.60550E-05
195.072 103.632 0.29560E-05
195.072 97.536 0.12929E-04
195.072 91.440 0.15925 E-04
195.072 85.344 0.48650E-05
195.072 79.248 0.55160E-05
195.072 73.152 0.17332E-04
195.072 67.053 0.11879E-04
19E 072 60.960 0.17150E-05
188.976 60.960 O.19040E-05
182.880 60.960 0.213504-05
173.784 60.9S0 0.240 i0E-05
170.638 60.960 0.27230E-05
164.592 60.96)0 0.31150E-05
158.496 60.9S0 0.359S0E-05
152.400 60.9I0 0.41930E-05
146.304 60.9 0 0.494201.05
146.304 54.8 0.44191E-04
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TABLE B-14. Estimated 8-Hour Average Concentrations of Particle-Associated
2,4-D at Receptor Locations (x, y Coordinates) Around the Perimeter of the Herbicide
Orange Sita During Excavation (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (gmI3)

146.304 48.768 0.75390E-05
146.304 42.672 0.39046E-04
146.304 36.576 0.14343E-04
146.304 30.480 0.23499E-04
146.304 24.384 0.29561E-0t
146.304 18.288 0.45780F-f',l
146.304 12.192 0.27773t. J 04
146.304 6.096 0.22060E-04
146.304 0.000 0.54160E-05
140.208 0.000 0.15694E-04
134.112 0.000 0.3354-4E-04
128.016 0.000 0.16275E-04
121.920 0.000 0.12159E-04
115.824 0.000 0.43365E-04
109.728 0.000 0.11277E-04

103.632 0.000 0.40859E-04
97.536 0.000 0.22260E-04
91.440 0.000 0.44436E-04
85.344 0.000 0.18417E-04
79.248 0.000 0.58303E-04
73.152 0.000 0.71890E-05
67.056 0.000 0.58303E-04
60.096 0000 0.18431E-04
54.864 0.000 0.44436E-04
48.768 0.000 0.2227 4r-04
42.672 0.000 0.40859E-04
36.576 0.000 0.11-277E-04
30.480 0.000 0.43365E-04
24.384 0.000 0.12152E-04
18.288 0.000 0.16275E-04
12.192 0.000 0,33544E-04
6.096 0.000 0.15694E-04
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TABLES B-IS. Estimated 8-Hour Average Concentrations of Particle-Associated
2,4,5-T at fýýceptor Locations (x, y Coordinaýts) Around the Perimeter of the
HerbicideOrange Site During Ex.cva-4on

8-Hour Average
X Coordlinate Y Coordinate Concentration

(m) Cm) (g/m3)

0.000 0.000 0.12103E-04
0.000 6.095 0.78197E-04
0.000 12.192 0.93483E-04.
0.000 18.238 0.1622SE-04
0.000 24.384 0.10480E-03
0.000 30.430 0.83300E.04
0.000 36.576 0.50827E-04
0.000 42.672 0.13842E-03
0.000 48.768 0.26719E-04
U.000 54.864 0.15666E-03
0.000 60.960 0.175728E-04
0.000 67.056 0.1566•E•-03
0.000 73.152 0.26740E-04
0.000 79.2-'8 0.13842E-03
0.000 85.344 0.50862E-04
0.000 91.440 0.83300E-04
0.000 97.536 0.10483E-03
0.000 103.632 0.1622SE-04
0.000 109.726 0.93469E-04
0.000 115.324 0.78197E-04
0.000 121.920 0.12110E-04
6.096 121.920 0.55615E-04

12.192 121.920 0.11894E-03
18.298 121.920 0.57715--04
24.384 121.920 0.43078E-04
30.480 121.920 0.15374E-03
36.576 121.920 0.40005E-04
42.672 121.920 0.14484E-03
48.768 121.920 0.78946E-04
54.864 12.2140 0.15751E-03
60.960 121.920 0.65333E'.04
67.056 121.920 0.20670E-03
73.152 121.920 0.2547"7-04
79.248 121.920 0.20672E-03
85.344 121.920 0.65-"3'-0
9•1.440 121.20 0.15757E.03
97.536 121.920 0.789,46E-04
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TABLE B-15. Estimated 8-Hour Average Concentrations of Particle-Assocated
2,4,5-T at Receptor Locations (x, y Coordinates) Around the Perimeter of the
Herbicide Orange Site During Excavation (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (M) (g/m3 )

103.632 121.920 0.14489E-03
109.728 121.920 0.39977E-04
115.824 121.920 0.15374E-03
121.920 121.920 0.43099E-04
128.016 121.920 0.57694E-04
134.112 121.920 0.11894E-03
140.208 121.920 0.55636E-04
146.304 121.920 0.12103E-04
152.400 121.920 0.50113E-04
158.496 121.920 0.82285E-04
164.592 121.920 0.66416E-04
170.688 121.920 0.31038E-04
176.784 121.920 0.95270E-05
182.880 121.920 0.12936.E-04
188.976 121.920 0.27762E-04
195.072 121.920 0.42308E-04
195.072 115.824 0.52297E-04
195.072 109.728 0.21476E-04
195.072 103.632 0.10129E-04
195.072 97.536 0.45836E-04
195.072 91.440 0.56469E-04
195.072 85.344 0.17248E-04
195.072 79.248 0.19558E-04
195.072 73.152 0.61453E-04
195.072 67.056 0.42119E-04
-95.072 60.960 0.60690E-05
188.976 60.960 0.67550E-05
182.880 60.960 0.75670E-05
176.734 60.960 0.85190E-05
170.688 60.960 0.96670E-05
164.592 60.960 0. 11053E-04
158.496 60.960 0.12747E-04
152.400 60.960 0.1486iE-04
146.304 60.960 0. 1172 1 0

146.304 54.864 0.15667E-03
146.304 48. 68 0.267 26E-04
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TABLE B-15. Estimated 8-Hour Averag7e Concentrations of Particle-Associatad
2,4,5-T at R-eceptor Locations (x, y Coordinat2s) Around the Perimeter of the
Herbicide Orange Site During Excavation (continued)

8-Hour Average
X Coordinate Y Coordinate Concentration

(M) (m) (gmn3 )

146.304 42.672 0.13944E-03
146.304 36.576 0.50341E-04
146.304 30.480 0.83321E-04
146.304 24.384 0.10481E-03
146.304 18.2P8 0.16233E-04
146.304 12.192 0.9,83AE-0,1
146.304 6.096 0.78183E-04
1-6.304 0.000 0.12103E-04
140.208 0.000 0.55636E-04
134.112 0.000 0.11894E-03
128.01' 0.000 0.57194E-04
121.920 0.000 0.43099E-04
115.824 0.000 0.15374E-03
109.723 0.000 0.39977E-04
103.632 0.000 0.14487E-03

97.538 0.000 0.78911E-04
91.440 0.000 0.15754E-03
85.344 0.000 0.65303E-04
79.248 0.000 0.20571E-03
73.152 0.000 0.25487E-04
67.055 0.000 0.20671E-03
60.096 0.000 0.65359E.04
54.864 0.000 0.15754E-03
48.768 0.000 0.78960E-04
42.672 0.000 0.14487E-03
36.57S 0.000 0.39977E-04
30.480 0.000 0.15374E-013

S24.334 0.000 0.43099E-04

18.233 0.000 0.57894E-04
12. !£2 0.000 0.11942 -03
6.095 0.000 0.555332-04
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TABLE B.13.1 Estimated 1-Ho±,r Average Concentrations of P article-Associsted
TCDD at Receptor Locations (x, y Coordinates) Around the Perimeter ,f the Herbidide
Orange Site During Cement Cover Conrtraction

1-Hour Average
X Coordinate Y Coordinate Concentration(M) (M) (g/mo)

0.000 0.000 0.70900E-08
0.000 6.096 0.45830E-07
0.000 12.192 0.57720E-07
0.000 18.288 0.95100E-08
0.000 24.384 0.61420E-07
0.000 30.480 0.48820E-07 ,
0.000 36.576 0.29190E-07
0.000 42.672 0.81130E-07
0.000 48.768 0.15660E-07
0.000 54.864 0.91820E-07
0.000 60.960 0.10270E-07
0.000 67.056 0.91820E-07
0.000 73.152 0.15670E-07
0.000 79.248 0.81130E-07
0.000 85.344 0.29810E-07
0.000 91.440 0.48820E-07
0.000 97.536 0.61440E-07
0.000 103.632 0.95100E-03
0.000 109.728 0.57710E-07
0.000 115.824 0.45830E-07
0.000 121.920 0.71000E-08
6.096 121.920 0.32600E-07

12.192 121.920 0.6E£700E-07
18.288 121.920 0.33830E-07
24.384 121.920 0.25250E-07
30.480 121.920 0.90100E-07
30.576 1.21.920 0.23440E-07 I
42.672 121.920 0.84890E-07
48.768 121.920 0.46270E-07
54.864 121.920 0.92310 E-07
60.960 121.920 0.3822oE-07
67.056 121.920 0.12114E-06
73.152 121.920 0.14930E-07
79.248 121.920 0.12116E-06
85.344 121.920 0.38290E-07
91.440 121.920 0.92350E-07
97.536 121.920 0.46270-E-07
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