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Abstract

Fishing is a culturally important activity to the ethnically diverse popu[’éi

ving in California’s Sacramento—San Joaquin Delta.

Due to runoff from abandoned gold mines, certain Delta fish are contammated with methylmercury, a neurodevelopmental toxin, A

state health advisory recommends limited consumption of certain Delt' fish,
commercial and sport fish. We conducted a survey of low-income
Infants, and Children (WIC) clinic, to characterize commercial and
percent of women consumed commercial fish, Thirty-two percent.co

and Cambodian, (75%) women. Ninety-nine percent of spd
consumption rate among consumers was 27.9g/day {geom
consumption rates were 26.3 and 10.5 g/day, respectively, .
highest in African Americans (41.2 g/day) and Asians (35.6'8]

to be followed in conjunction with a federal advisory for
a Special Supplemental Nutrition Program for Women,
t fish consumption patterns and advisory awareness. Ninety-five
fed sport fish; this proportion was much higher in Hmong (36%)

i consumers also consumed commercial fish. The overall fish
mean, past 30 days, cooked portion); commercial and sport fish
und ethnic differences in overall fish consumption rates, which were
Y, particularly Vietnamese and Cambodians. Pregrant women ate less

fish overall than other women (16.8 vs. 30.0 g/day, p = 0.0001); a5 did women who demonstrated specific advisory awareness (23.3 vs,
30.3 g/day, p = 0.02). Twenty-nine percent of all women exceeded federal fish consumption advisory limits. These results highlight the
need for culturally and linguistically appropriate interventions that address both commercial and sport fish consumption.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The health benefits of consuming fish are well docu-
mented. Fish are a source of ‘omega-3 fatty acids and can
protect against card:ovascular disease (Kris-Etherton et al.,
2002; Mozaffarian and*Ri rh 2006), improve cognmve
development in children. (T tnicls et al,, 2004), and slow

*This study was funded by the Ecosystem Restoration Program of the
California Bay-Delta Authority. Since the survey described in this
manuscript was conducted anonymously, and no identifying information
was collected from subjects, IRB approval was not required according the
US Department of Health and Human Services Common Rule,
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cognitive decline in the elderly (Morris et al., 2005).
However, methylmercury and other chemical contaminants
found in some fish can counteract these benefits. Methyl-
mercury can impair neurological development; high levels
are toxic to children and adults (NAS, 2000). Even at low
levels of exposure, methylmercury from maternal fish
consumption has been associated with subtle neurotoxicity
in children (NAS, 2000). Nationwide, it is estimated that
six percent of women of childbearing age have blood
methylmercury levels of potential health concern
(MMWR, 2004), Fish consumption is believed to be the
primary source of exposure to methylmercury.

Fish consumption advisories recommend the types and
amounts of fish that can be eaten to keep exposure to
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mercury and other contaminants within levels considered
to be safe. These advisories are more restrictive for
sensitive populations, i.e., women of childbearing age,
pregnant and breastfeeding women, and children. For
these groups, the US Food and Drug Administration and
US Environmental Protection Agency (FDA and EPA,
2004) recommend complete avoidance of certain types of
high-mercury fish (shark, swordfish, king mackerel, and
lilefish) and limited consumption of other commercial fish
(12 ozjweek, or 48.6 g/day, for most fish) and sport-caught
fish (6ozjweek, or 24.3g/day, unless a local advisory
exists), Local advisories may be more or less restrictive.

Nationaily representative surveys have been done 1o
characterize US fish consumption and mercury body
burden, but do not adequately characterize populations
that consume large amounts of fish (MMWR, 2004;
Schober et al., 2003). In California, there is limited
evidence that some populations eat large quantities of fish
and have elevated mercury levels. High fish consumption
and blood mercury levels were reported in men, women,
and children from one San Francisco medical practice
(Hightower und Moore, 2003) and among a small Natjve
American population living next to an abandoned mercury
mine (Harnly et al., 1997),

Throughout the US, the available evidence suggests that
non-white populations have high fish consumption (An-
derson et al., 2004; Burger et al., 1999; Hightower et al
2006; SCCWRP and MBC, 1994; SFEI, 2001; West et al

1993} and high body burdens of mercury (particularly:

Asians, Pacific Islanders, and Native Americans (High

Lower et al., 2006; Knobeloch et al., 2005)), and that‘non-

whites and low-income populations have low ‘advisory
awareness (Anderson et al., 2004; Burger et al., 1999; Imm
et al., 2003; SFEI, 2001). While regional angler studies have
measured sport fish consumption and advisory awareness
in ethnically diverse populations, few women are usually
included in these studies, since angleis are’ predominantly
male. However, fish consumption pat_tems'bf women and
young children are of interest, sincé they are particularly
sensitive to mercury’s neurotoxiceffects; One small study
of women at a Special Supp]ementa} Nutrition Program for
Women, Infants, and Children. (WIC) clinic in East
Harlem, New York (Big ¢t al., 2003), found that
1% of fish consumers af fish, desplte an advisory
recommending that women’ of childbearing age dnd
children not eat any fish from local waters. Of these sport
fish consumers, 55%. werdiaware of the advisory. Although
several clinic-based studies have described fish consump-
tion by pregnant women (Daniels et al., 2004; Oken et al.,
2003; Oken et al. 2005}, these did not examine ethnically
diverse or low-income populations, nor did they measure
sport fish consumption or advisory awareness.

in California, the Sacramento-San Joaquin Delta is
home to an ethnically diverse population that includes
immigrants and refugees from Southeast Asia, Cenltral and
South America, and Eastern Europe. Fishing is a culturally
important activity in many of these communities. However,

certain fish in the Delta are contaminated with mercury due
to runoff from abandoned gold mines. An advisory issued
by state authorities recommends consumption limits of
6oz/month (or 5.7 g/day) for certain fish from the Delta
and San Francisco Bay due to mercury and PCB
contamination (OEHHA, 1994).

We conducted a survey of ethnically diverse, low-income
women in the Delta. The goa!s of, the survey were to
determine rates of fish consumptzﬁqntb from all sources,
evaluaie the relative contnbutt ‘of sport and commercial
fish to overall fish consumption and ascertain participants’
awareness of fish consumptzo visori

2. Materials and methods

We conducted a survey in October 2004 at the Delta Health Care WIC
clinic in Stockton, California, one of the largest cities in the Delta region.
This clinic serves cthnically diverse low-income women (within 185% of
federal poverty g' d_ehnes) who are pregnant or breastfeeding, and families
with children und T ‘dge five. The clinic setling afforded an opportunity to
|on aboul fish consumption after the survey, and to develop
and eva]uale cducauonal strategies based on survey results.

One monLh beforc the survey, stafl posied flyers in multiple languages
lhroughoul the“clinic. The flyers mentioned a survey involving fish eating
habits, but did not divulge the purpose of the study, and emphasized the
participation incentive (a ten dollar gift card for a popular store). During

théveck-long survey, WIC staif asked all eligible women vns:lmg the clinic
."whether they wanted to participate, All women enrolled in WIC were

1g:ble to participate, as were mothers and female guardians of children
enrolled. Men and “alternates” ({persons authorized to pick up vouchers

Jor a friend or family member} were not eligible to participate.

To increase participation among respondents with limited English
literacy, we administered on-site personal interviews, assisted by multi-
lingual WIC staff {(fluent in English, Spanish, Vietnamese, Khmer,
Tagalog, and Hmong). AL the end of the survey, interviewers delivered 2
tailored health education message to participants based on their fish
consumplion praclices.

2.1. Fish consumption

We determined fish consumption separately for commercial and sport
fish. Interviewers asked participants to name or to identify from
photographs fish species that they had ¢ver consumed. Participants could
list up to 14 1ypes of commercial fish or shellfish {referred to in this report
as “commercial fish"), and 14 Lypes of sport-caught fish or shefifish
(“sport fish™). For fish caten in the fast 30 days, we also asked respondents
about consumption frequency, portion size, and source of the fish. To
assist respondents with recall of portion size, interviewers showed fish fillet
“poriion models” corresponding lo 1.5, 3.0, 4.5, 6.0, and 7.50z cooked
weight, along with a 6-0z can of tuna. We asked respondents to choose
among the individual portion models to estimate their intake for each
reported fish type.

2.2. Consumption above advisory limits

We compared participants’ fish intake to limits recommended by
federal and local advisories for women of childbearing age (for this
analysis, we excluded six study parlicipants above age 49), Generally,
these advisories include several options, with the intention that only one
optien should be followed during any given time period. For example,
during a week when one cats 6 0z of sport fish, no commercial fish should
be eaten. Similarly, during a week when one eats 12 oz of commercial fish,
no sport fish should be eaten. However, if one eats 3 o0z of sport fish in a
given week, it is difficult to determine how much additional commercial
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fish can be eaten to maintain safe exposure levels during that week. While
such calculations may be impractical for the general public, we attempled
to cvaluate whether a woman's combined intake of sport and commercial
fish exceeded joint FDA/EPA advisory limits, Since this advisory allows
women Lo eal twice as much commercial fish (12 0z) as sport fish (6oz)ina
weck, we halved each woman's commercial intake and added it to her
sport intake. If this combined amount exceeded 6ozfweek, or if the
woman ever ate shark, swordfish, tilefish, or king mackere!, she was
considered to have exceeded the joint FDA/EPA advisory limit,

We did not evaluate consumpiion above state or county advisory limits
for specific water bodies, due to the variety and complicated nature of
local advisories in the water bodies where study participants may have
obtained sport fish. For example, several local advisories only apply to fish
above a certain length, and we did not expect study participants to know
the length of fish caught by a friend or lamily member,

2.3. Advisory awareness

To assess advisory awarcness, interviewers asked, “Are you awarc of
any health warmings about eating fish or shelfish for women of
childbearing age?’ Women who answered yes were coded as having
“general awareness.” We asked women with “‘general awareness” to
describe the health warnings, and coded women who mentioned health-
protective behaviors consislent with federal or local fish advisories for
women of childbexring age as having “specific awareness.” Thus, women
with “specific awareness™ are a subgroup of women with “*general
awareness.” No distinction was made between sport and commercial
advisorics. Responses about shelifish toxins or raw fish, or general
statements such as “fish is good for you,” were coded as having “general”
but not “specific™ awareness.

2.4. Statistical metheds

We used SAS versfons 8.2 and 9.1 for all analyses (SAS Institute, '
Cary, NC). We examined rates of commercial, sport, and overall (the su

of commercial and sport) fish consumption over the 30 days priéf.':'llq.ﬁ]e:

administration of the survey. These outcomes were not normally
distributed; therefore, we present fish consumplion rates in lerms of
geomelric means (GM), cxpressed in cooked grams/day (g/day). In
addition, we used a natural log transformation of the fish consumption
rates for linear regression analyses, using PROC GLM; 1o determine
whether thesg varicd by ethnicity, age, education, prégna_gc_;y, breastfeed-
ing status, and advisory awareness, We also performed multivariate linear
regression analyses, adjusting for all varizbles significant in vnadjusted
analyses. All possible interaction terms between these variables were
investigated; since none were statistically significant, none were included in
the final model, Although no variables were significant predictors of sport
fish consumption in unadjusted analysis, fqr“comparism} purposes, the
adjusted models presented for overall and-commercial fish are also
presented for sport fish. g T

Moultivariate results are presentéd-as percent changes, calculated as
1. A percent change of 0 indic:éfés;.no change; >0 an increase, and <0
a decrease. We calculated a pa:_';igxlf]{z for each term in the model by
dividing the sum of squares for that:term by 1he total sum of squares. We
used the least significant différence measure of uncertainty (Andrews ef al.,
1980) to display graphically ‘whether ethnic variation in fish consumption
was statistically significant.

We performed a 3° test 1o cvaluate whether other measures of
respondents’ fish consumption (consumption among houschold members
and fish portion sizes) varied by cthnicily, We conducted adjusted and
unadjusied logistic regression to determine whether: (i) consumption
above the joint FDA/EPA advisory limit varied by ethnicity, age,
cducation, pregnancy, breastfeeding status, and advisory awareness; and
(ii} women with “general™ and “'specific”* advisory awareness varied in
ethnicity, age, education, pregnancy, and breastfeeding status, compared
to women without such awareness.

We asked participants 1o select their ethnicity from a printed list. In
order 10 increase sample sizes for ethnic groups with small numbers in this
survey, we assigned mixed-cthnicity women (1 = 4]) into the category of
the least-represented ethnic group with which they identificd for analysis.
Thus, we categorized a woman who described herself as both white and
Native American as Native American, since just three women self-
identified as Native American only.

The major cthnic groups represented were white, African Armerican,
Hispanic, and Asian. Other ethnic groups and -Asian subpopulations each
represented five percent or less of the study. popilation, but we obtained
sufficient sample sizes for an examinatio
Hmong, Filipina, and Native Americi roups;
(1 =2 4}, Chinese {n = 4), Indian (n = | Kistani {r = 1), Pacific Islander
(PI, n=6), and unknown Asian Fespondents into an “Other
AsianfPI” group (n=17). The féhlaf?:;ng 'fi'éirlicipanls were Arab or
Persian (1t = 4); due to the cxt;gmel' «smiafl sample size, their results are
not given in any analysis by?fféihq ty. One woman who was missing
cthnicity data was not includéd:in analyses by ethnicity.

oup: e combined Lao

3. Results

apalyses presented here categorized mixed-
ndividuals to the least represented ethnicity. We
ran ethmicity analyses with this categorization, as well as
alegorizing mixed-ethnicity individuals into a
ite;“mixed™ category), and results were similar in
:gnalyses (data not shown).

.2, Study population

During the study period, 2159 men and women visited

‘the WIC clinic. Of these, 500 eligible women agreed to

participate in the survey. Most women (477, or 95%)
reported ever eating commercial fish, and 158 women
(32%) reported ever eating sport fish. The commercial fish
consumplion analysis included 457 women (91%) who
reported eating commercial fish in the last 30 days. The
sport fish consumption analysis included 80 women (16%)
who reported eating sport fish in the last 30 days. Since all
but one of the sport fish consumers also consumed
commercial fish, there were 458 women in the overall fish
consumption analysis.

Demographic characteristics of the study population are
shown in Table 1. The ethnicity distribution of the study
population was similar to the ethnicity distribution for the
population served by Delta Health Care WIC-as a whole
(Grunsky J, pers. comm.). The majority of study partici-
pants (90%) were between the ages of 18 and 39, and more
than half had completed high school, obtained a General
Equivalency Diploma, or continued education beyond that
level. Almost all women (98%) lived in the city of
Stockton.

3.3. Fish consumption
Table 2 shows results of unadjusted analysis of fish

consumption by demographic group. Ethnicity (white,
African American, Hispanic, Asian, or Natjve American)
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Table 1

Demographic characteristics of study population, and characteristics by advisory awareness, # (%3)

Participants (column %)

General awareness {(row%) Specific awareness (row%)

Fotal 500
Ethnicily

White 70 (14%)

African American 59 (12%)

Hispanic 262 (52%)

Asian 93 (19%)
Cambodian 20 (4%)

. Vietnamese 12 (2%)
Hmong n (4%)
Filipina 3 {5%)
Other Asian/PI 17 {3%)

Native American 1t (2%}
Arab/Persian 4 (1%}
p-value®

Age

<17 12 (2%)

18-24 : 160 (32%)

25-29 130 {26%)

30-39 158 (32%)

40-49 34 (7%)

50+ & (1%)

p-value for wrend

Education

<9th grade 74 (15%)

Some high schoo! 99 (20%:)

High school graduate or equivalency 131

Seme college or technical school 122

College/techfiical school graduate or more 73

p-value for trend

Pregnant 66 )
Non-pregnant 434
p-ealue
Breastfeeding {21%)
Non-breastfeeding (79%)
p-value

224 (45%) 156 (31%)
54 (17%) (56%)
29 (49%) (32%)
97 (37%) (25%)
38 (41%) (29%)
8 (40%) (35%)
2 (17%) (17%)
4 (19%) (10%)
14 (61%) (43%)
10 (59% (35%)
4 (36%) {36%)
<0.0001 0.0003
33%) 4 (33%)
(42%) 49 (31%)
(51%) 49 (38%)
(44%) 41 (26%)
(38%) 10 (29%)
(83%) 3 (50%)
0.53 0.60
{23%) 1 (15%)
34 (34%) 24 {24%)
55 (42%) 34 {26%)
74 (61%) 54 (44%)
44 {60%) 1 (45%)
<0.0001 <0.0001
27 (41%) 23 (35%)
197 (45%) 133 (31%)
0.49 0.49
54 (51%) 40 (38%)
170 (43%) 116 (29%)
0.12 0.09

*Five group comparison (White, African Amierican, Hispanic, Asian, and Native American).

was a significant predictor of overall and commercial fish
consumption (p = 0.004 and:0.03; respectively). Vietna-
mese, other Asian/PI, and Afrlcan American participants
had the highest intakes," and white and Native American
participants the lowest:- ffican American and Asian
women had statistically s gh:ﬁcantly higher overall con-
sumption than Hi pamc“'\"f!omen (Fig. 1), but only African
American wome * statistically significantly higher
commercial fish "Consumption than Hispanic women
{Fig. 2(a); Hispanic is used as a reference category because
it is the largest group). Increasing age was also a significant
predictor of increased overall and commercial fish con-
sumption, while education was not (Table 2). Pregnant
women had significantly lower overall and commercial fish
consumption than non-pregnant women. Women with
general advisory awareness did not consume less fish than
women without. However, women with specific advisory

awareness had lower overall and commercial fish con-
sumption than women without (Table 2). When the data
were stratified by ethnic group, this effect was most
pranounced in Asian and African American women (data
not shown).

No variables were significant predlctors of sport fish
consumption, perhaps due to the small sample size {n = 80);
however, some trends aré noteworthy. Asian and African
American women had the highest sport fish consumption
(Table 2). Although no groups varied significantly from the
Hispanic reference group (Fig. 2(b)), Asian women overall
had significantly higher consumption than white women
{p = 0.04). As with commercial fish consumption, women
with specific advisory awareness had lower sport fish
consumption than women without; this difference was not
statistically significant (Table 2). In contrast to the finding
that pregnant women had decreased commercial fish
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Table 2
Predictors of fish consumption in last 30 days (gecometric mean (GM)
cooked g/day), unadjusted. Analysis limited to fish consumers only

Overall Commercial Sport

N GM N GM N GM

Totai 458 27.9 457 263 §0 105
By ethnicity
White 60 228 60 221 8 438
African American 52 412 51 404 7 142
Hispanic 241248 241 244 1793
Asian 8% 356 89 290 42 124
Cambodian 20 364 20 244 12190
Vietnamese 2 714 12 625 6 16
Hmong I8 276 18 229 109.9
Filipina 23 245 23 215 7 8.9
Other Asian/Pl 16 467 16 406 7 17.2
Native American 11 219 11 205 4 118
p-value* 0.004 0.03 0.3
By age
<17 12 266 12 211 5 139
18-24 142 23.4 141 223 2289
25-29 11 300 119 280 18 134
30-39 145 29.2 145 27.8 2513.2
40-49 34 355 34 337 9 5.4
50+ 6 400 & 396 1 1.4
p-value for trend 0.03 0.01 0.2

By education
<9th grade 68 228 68 219
Some high school §9 300 B89 28.1
High school graduate or equivalency 118 27.1 118 25.1
Some college or technical school 115300 114 2838
College/technical school graduate or 67 284 67 26.8
more

p-value for trend 0.3 0.3
By pregnancy status
Pregnant 58 168 58 161 6 128
Non-pregnanl 400 30.0 39928.3 74 104
pevalue 0.0001 0.0002 0.9
By breastfecding ‘:
Breasticeding 96 31.1°:98 299 k1102
Non-breaﬂfgcding 362 27.1 361 255 69 10.6
p-value 03 0.2 0.6

By advisory awareness o .
T207 272 207 255 34 101
251-28.5 250 271 46 109
S06 0.5 0.8

© 146 233 146. 220 21 9.7
3i2 303 311 286 59 10.8
0,02 0.01 0.7

General awareness

No general awareness -~
p-value -

Specific awareness

No specific awareness
p-valie

*Five group comparison. (Whllc African American, Hispanic, Asian
and Native American). )

consumption, pregnant women had slightly higher sport fish
consumption than non-pregnant women; this difference was
not siatistically significant (Table 2). All of the pregnant
sport fish consumers were non-white, and four out of six
were Asian,

Muitivariate analysis results (Table 3) were similar to the
unadjusted results. Adjusted models for overall and
commercial fish consumption were statistically significant
(p<0.0001}). Compared to Hispanic women, African
American women ate 71% more fish from all sources
(»=0.001), and Vietnamese women ate 156% more
(p = 0.003). With each increasing year of age, overall fish
consumption increased by 1% (p = 0. 08) Pregnant women
ate 40% less overall fish than‘ﬁfnb_ regnant women
(p = 0.001), and women with spemﬁc adv:sory awareness
ate 20% less overall fish than‘emén without (p = 0. 04).
However, these models dld“ not“gxplain much of the
variability in consumptxon rates (R*=0.10 for both
models). The partial R%h thése models was highest for
the ethnicity term biil e}emamed low for all terms
(R*<0.05), further indicating that most of the variability
in consumption rates has not been explained by the
variables mvesthatcd here.

The propornon’of wommen who reported ever consuming
sport fish vaned by ethnicity, with Asians, Native Amer-
icans, whltes ind all Asian subpopulations more likely to
report th15 than Hispanic women (Table 4). Very high
proportions of Hmong and Cambodian women reported
ever. consuning sport fish (86% and 75%, respectively).

Most women (76%) reported that children (under age 18)
in iheir households ate commercial fish. Nineteen percent of

'parhmpants reported that children in their households ate
sport fish; this proportion differed significantly by ethnicity

(¢ p<0.0001), with the highest proportions in Hmong

{71%) and Cambodian (45%) families, and the lowest

proportion in Hispanic families (9%).

The mean portion size was about 5oz (5.30z (151 g) for
commercial fish, 5.50z (154g) for sport fish). Portion size
varied significantly by ethnicity for commercial fish
(p <0.0001), with Vietnamese and African American women
having the largest mean portion sizes (7.50z (212 g) and 6.4 02
(180 g), respectively) and Hmong women the smallest (3.4 oz,
or 97 g). Portion size varied by ethnicity for sport fish as well,
although the difference was not statistically significant
(p = 0.09). Mean sport fish portion size was largest among
the four Native American women (9.60z, or 271 g), and
African American women (6.9 0z, or 194 g); Hmong women
had the smallest portion size of 4.3 0z (121 g).

The most common sport fish species that women
reported ever consuming were catfish (43%.of 158 ever
sport fish consumers), striped bass (38%), salmon (25%),
bluegill/perch (21%), crawdad/crayfish (18%), crab (17%),
and trout (17%). The most common commercial fish ever
consumed were shrimpfprawns (86% out of 477 ever
commercial fish consumers); canned tuna (79%); fish
sticks, burgers, and fillets (64%); crab, lobster, and crayfish
{53%); salmon (44%); and tilapia (34%).

3.4. Consumption above advisory limits

Fourteen women of childbearing age (3%) reported
ever eating shark or swordfish; six of these consumed
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Fig. 2. (a} Commercial'(n = 457) and (b} sport (n = 80) fish consumption for each fish consumer (g/day), and geometric mean, by ethnicity. Starred
ethnicities have GM consumplion statistically significantly different than that of Hispanic women. Horizontal lines represent FDA/EPA advisory limits of
12 0z of commercial fish, and 6 0z of sport fish, per week.

sport-caught shark and one consumed sport-caught sword-  consumed more than 120z of commercial fish per week,
fish. No women in this survey reported consumption of  and 16 women (3%) consumed more than 6 oz of sport fish
tilefish or king mackerel (which are not commonly  per week. Ten women (2%) consumed fish from the Delta
available in California). One-quarter of women (n = 122)  or San Francisco Bay at levels above those recommended
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Table 3
Predictors of fish consumption in last 30 days, adjusted for all other variables in model. Analysis limited to fish consumers only
Overall Commercial Sport
N 457 456 79
Model p-value <(.0001 <0.000] 0.5
Model R? 0.10 0.10 0.15
% change p-value % change p-value change p-value
Ethnicity {compared to Hispanic)
White 3% 0.87 2% 09 . —46% 0.20
African American % 0.001 % 3 0.48
Hispanic reference reference
Asian
Cambodian . 4% 0.12 0% 9. 0.1t
Vietnamese 156% 0.003 128% « 0.01 —11% 0.82
Hmong 16% 0.58 —3% 0.92. -12% 0.80
Filipina 4% 0.88 7% 073 —-12% 0.81
Cther Asian/Pl 86% 0.02 64% k 86% 0.23
Native American -11% 0.72 —15% 0.60 43% 0.58
Age (per year of age) 1% 0.08 0.07 —2% (.31
Pregnant (vs. not pregnant) ~40% 0.001 0.001 3% 0.60
Specific advisory awareness {vs. no specific awareness) —20% 0.04 0.04 ~6% 0.86

Table 4

Percent of participants from each ethnicity who reporied ever having consumed sport,
any fish at levels exceeding the joint FDA/EPA advisory limit in the last 30 days

or (among women of childbearing age only) having consumed

Total Ever consume sport fish

Consumption above joint FDA/EPA advisory limit

N N (Row %) p-value N (Row %) p-value
Total ® 500 158 (32%) 142 (29%)
White 70 21 {30%) 0.05 13 (19%) 0.39
African American 59 15 (25%) 0.27 21 (36%) 0.07
Hispanic 262 49 (19%) Reference 64 (25%) Reference
Asian 93 64 (69%) <0.0001 39 (42%) 0.001
Cambodian 20 15 {75%) 20 13 {65%) <0.0001
Vietnamese 12 7 {58%) 12 8 (67%) 0.001
Hmong 21 I8 (86%)::. 21 5 (24%) 0.94
Filipina - 23 13 (57% i, 22 5 (23%) 0.85
Other Asian/Pl 17 11 <0.000] 17 8 {47%) 0.04
Mative American 11 6 0.01 11 3 (27%) 0.84

by the state advisory (wit
recommendations based ori""ﬁ:c.’ ngth; data not shown).

More than one-quarteriof women (29%) exceeded the
joint FDA/EPA advisory, limiit*via a combination of sport
and commercial fish.consiimption (Table 4; these data do
not take any local advisories into account). Compared to
Hispanic women, lhis’;{.pmportion was significantly higher
among Vietnamese, Cambodian, and Other Asian/P1
women, as well as among Asian women as a whole, and
somewhat higher among African American women.

In the multivariate model, pregnant women were 2.2
times more likely to consume fish within the joint FDA/
EPA advisory limit (95% confidence interval 1.1, 4.6) than
non-pregnant women, adjusting for ethnicity, age, educa-
tion, breastfeeding status, and specific advisory awareness.

ut taking into account

Y

Of these, ethnicity was the only other significant predictor
of fish consumption within the joint FDA/EPA advisory
limit (p = 0.02). Results were very similar for a multi-
variate model that included general, rather than specific,
advisory awareness.

3.5. Advisory awareness

Almost half of study participants (45%) had general
advisory awareness, A subset of these (31% of study
participants) had specific advisory awareness (Table t).
Ethnicity (white, African American, Hispanic, Asian, or
Native American) was a significant predictor of both
general and specific awareness. A majority (56%) of white
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women had specific awareness, compared to only 10% of
Hmong and 17% of Vietnamese women.

In the multivariate model, ethnicity and education were
both significant predictors of general and specific advisory
awareness (p<0.01), after adjusting for age, pregnancy,
and breastfeeding status (none of which was statistically
significant). With each additional year of education,
women were 1.2 times as likely to have general advisory
awareness (95% confidence interval 1.1, 1.2) and 1.] times
as likely to have specific advisory awareness (95%
confidence interval 1.1, 1.2}.

The most common sources of advisory awareness were
television (15%), friends or family members (9%), health
care providers (6%), WIC (6%), and newspaper/magazine
(6%). Women were most likely to trust information
received from WIC (65%) and health care providers (45%).

4. Discussion

Increased fish consumplion among Asian and African
American anglers {SFEI, 2001) and non-angling Asian
women (Hightower et al., 2006; Knobeloch et al., 2005)
compared to other ethnic groups has been noted elsewhere.
However, to our knowledge, this is the first study to
quaniify higher fish consumption in non-angling, low-
income Asian and African American women compared to
other ethnic groups, and to compare consumption rates
among different Southeast Asian subgroups. Furthermoré,

we were able to distinguish the contributions of sport aiid-

commercial fish to overall fish consumption. This reveal
a high rate of commercial fish consumption in Aff
American women, in addition to the expected high'rate of
sport fish consumption. Similarly, while higher advisory
awareness among whites compared to non-white groups
has been reported previously {Anderson et al., 2004; Imm
et ak, 2005; SFEI, 2001), awareness among non-angling,
low-income women has not previously=been well char-
acterized. Our findings suggest that fish contamination may
_have disproportionate impacts on !ow—mcome non-white
groups in the Delta.

One strength of this survey is the use of physical models
to estimate poriion size. The wide variabilily in portion size
reported here highlights the usefulness of this approach,
compared to surveys that ask about meal frequency alone.
However, as with all food frequency surveys, errors in
recall may have occurred.: Some individuals, particularly
those who are overweight, may have underreported portion
sizes (Willett, 1998). We did not collect data on women’s
body weight. '

Few estimates of fish consumption among California
women statewide are available. However, the proportions
of women reporting fish consumption in this survey were
higher than those reported among 179 California women
interviewed as part of the Twelve State Siudy, 2 phone
survey where 82% reported any fish or shellfish consump-
tion, and 18% reported sport fish consumption, in the
preceding 12 months (Anderson ¢t al, 2004). Fish

consumption in the WIC population was also higher than
what we found among 2621 women of childbearing age
who participated in another phone survey, the 2005
California Women’s Health Survey (CWHS, 2006), where
81% reported eating commercial finfish and 17% reported
eating sport finfish (not including commercial or sport-
caught shellfish; manuscript in prcparauon} By compar-
ison, in this survey, 94% of women reported eating
commercial finfish and 30% report gating sport finfish
(not including commercial or.spert-caught shellﬁsh)

Fish consumption may beéfinore common in the Delta
than in California as a ,_hol_ ecause the area contains
many waterways and comi qties with strong cultural ties
to fishing. Furthermor€; may be an affordable source
of protein for the low-i ome population described here.
However, it is possible that the increased proportion of fish
consumers represents a response bias, as the posted
advertisements for the survey mentioned fish consumption.
However, | impressmn was that the women were
motivated? m_arlly by the gift card incentive, and that
thosa who d__ ined to participate did so because of lack of

n SLgns advertising the gift card incentive were posted
a month before the survey, it is possible that women who
th;__rwxse would not have visited the clinic that specific
c_ek may have turned up to participate in the study.
owever, there is no reason to believe that such women

would have had different fish comsumption habits or
-advisory awareness than the underlying population served

by the clinic.

This analysis did not demonstrate an assocxat:on
between fish consumption and educational attainment,
although other studies have reported increased consump-
tion and hair mercury levels with education {Anderson et
al., 2004; Knobeloch et al.,, 2005; Schober ¢t al., 2003;
SFEIL 2001). Education in these studies may be a surrogate
for income. For the WIC survey population, even though
more than half had obtained at least a high school diploma
or equivalent, all were low-income, and educational
attainment may not correlate well with income. We did
not coliect data on income because the entire population,
by definition, had incomes at or below 185% of the poverty
line.

The variability seen in consumption rates has not been
explained by the models presented here (ag indicated by the
fairly low R%). Low R% are not uncommon in social
sciences research. The reasons why women eat the foods
that they do are influenced by many factors and cannot
fully be explained by demographic variables alone.

Results of this survey may not be generalizable to higher
income populations. The sport fish consumption data
presented here should be interpreted with caution, due to
the small sample size obtained for many ethnic groups. We
may have miselassified specific advisory awareness if some
women knew the specifics of the advisory but did not
mention them (no probing was done for this question).
Some people may use different names for the same fish
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species. In this investigation, we received numerous reports
of perch consumption from the Delta (perch is a class of
saltwater fish not found in the Delta). Subsequent focus
groups revealed that many Delta anglers refer to bluegill as
perch, so we considered reports of perch from the Deita to
mean bluegill. Our use of fish identification picture cards
was intended to minimize such misclassification.

Our survey results showed that women with specific
awareness of advisories consumed less commercial fish, and
less fish from ail sources, than women without specific
awareness. This effect was not seen for women with general
awareness. Although it is not a direct measure of behavior
change, these findings suggest that knowledge of health
advisories can influence behavior. The survey itself raised
awareness of mercury contamination issues among WIC
clients and staff, We assisted state WIC staff in developing
a brochure entitled “Safety Tips about Fish” that is now
used at WIC clinics statewide, and in August 2005, the
Delta Health Care WIC clinic began incorporating

education about fish contaminants into their standard

protocol.

We found that 29% of all women surveyed reported fish
consumption levels exceeding the federal advisory limit.
The true number of women in this population exceeding
advisory Hmits is undoubtedly even higher, since this
estimate does not include any local advisories, many of
which are much more restrictive than the default FDA/

EPA advisory limit for sport fish. Evaluating whether *

individuals® fish consumption exceeds any local advisory
limit in combinagion with the federal advisory limit is qunte
challenging; thus, it is unlikely that the public has a goo

grasp on how to interpret advisories correctly for-fish”

obtained from different sources.
Clearer, integrated educational
public are needed about mercury contamination of fish.
In a region where primary source reduction:may take
decades, outreach and education arg.- the 'ignly viable
methods of immediate exposure reduction. Our results
suggest that knowledge of health ‘advisories can in-
fluénce behavier, and that ethmc differences exist in
advisory awareness and exposure’ Thls underscores the
need for culturally and lmgulstlcally appropriate inter-
ventions that integrate messagés about both commercial
and sport fish, balancing:information on the risks of
mercury and other chem:cais with the benefits of fish
consumption. :
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