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ABSTRACT
Water is considered the most important natural resource in the four Pacific Northwestern states (Alaska, 
Idaho, Oregon and Washington). Public attitudes about water resource issues and needs were deter-
mined using a mail-based survey instrument every 5 years (2002, 2007, 2012 and 2017). The survey 
questions were identical over the 15-year period. The statistically designed survey study was also de-
signed to measure change over the 15-year time period. Four specific survey questions were evaluated 
in this article. In 2017, over 83% of the public considered their home drinking water safe; however, this 
value was lower and compared unfavourably to the 93.1% who considered their drinking water safe in 
2002. In 2017, 43.8, 40.7, 28.3, 25.3, 19.4 and 14.8% of residents considered phosphates, nitrates, pes-
ticides, pharmaceuticals, petroleum products and pathogens as problems in local waters, respectively. 
Compared to the 2002 survey, the perceived problem of phosphates, nitrates and pharmaceuticals has 
become worse; however, public views of problems caused in waters by pesticides and petroleum prod-
ucts have lessened. Based on public perception, the problem of pathogens in waters has not changed 
over the 15-year span. Surface water and groundwater quality were considered to be excellent or good 
by 51.6 and 46.2% of survey respondents in 2017, respectively. In general, public views of water quality 
have improved since 2002.
Keywords: drinking water, public concerns, public opinion, water contaminants, water quality, water 
quantity.

1  INTRODUCTION
Water resources are key to the economy of the Pacific Northwest (Alaska, Idaho, Oregon and 
Washington). Water supports agriculture (5,000,000 irrigated ha), commerce, power produc-
tion, direct human water consumption, food processing and recreation. Previously conducted 
surveys have shown than that the public within the region consider water their most important 
natural resource and that there are significant concerns about both water quality and water 
quantity issues within these four states [1, 2].

2  BACKGROUND
When drinking water, food production, food preparation, sanitation and hygiene are consid-
ered, the United Nations suggests that each human needs in excess of 900,000 l of water each 
year to meet their needs [1–5], From a drinking water standpoint, humans require between 
1.8 and 2.0 l/d of high-quality water [3–5]. Written records indicate that humans have treated 
or protected drinking water supplies in some fashion for over 5,000 years [6]. The quantity, 
quality and safety of drinking water is a priority for local governments across the globe. In 
fact, the quantity and safety of drinking water is considered by the United Nations as Sustain-
able Development Goal number 6.

Many contaminants have been identified in surface and/or groundwater. Nitrogen is the 
major nutrient applied to crops across the planet and one of its forms, nitrate, often leaks 
into surface and groundwater resources [7, 8]. Nitrate, as a contaminant in drinking water 
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supplies, can adversely impact infants, causing blue baby syndrome (methemoglobinemia). 
Reduced water quality problems associated with phosphorus are generally confined to sur-
face waters and can lead to eutrophication [8, 9]. Poor agricultural practices that result in soil 
erosion and manures reaching waters from animal feeding operations are the most common 
ways by which P is introduced into waters. More recently, pharmaceuticals associated with 
sewer systems have become contaminants of concern in water systems [10]. Public surveys 
conducted about drinking water in the USA, Canada, Great Britain, France, South Africa and 
Japan have shown both a high level of satisfaction with quality, but also concerns about taste 
and specific contaminants [11–13].

To understand the water cycle, one must recognize the link between surface water and 
groundwater which must be understood to effectively manage water resources on a local, 
regional, national and international basis. The public in the Pacific Northwest has been 
exposed to water issues repeatedly by the media in the last four decades, yet their under-
standing is not widely known. 

The purpose of this article was to document changes about public perceptions of: (1) drink-
ing water safety, (2) surface water quality, (3) groundwater quality and (4) the prevalence of 
pollutants in local water over a 15-year period from 2002 to 2017. This study was conducted 
in the Pacific Northwest region of the USA which encompasses the states of Alaska, Idaho, 
Oregon and Washington. This region comprises 26% of the USA’s land area.

3  METHODOLOGY
A survey instrument containing 60 questions was developed to access public attitudes, priori-
ties and concerns about water resource issues in the Pacific Northwest, USA. This survey was 
first distributed to the public in 2002. Identical survey questions were administered again in 
2007, 2012 and 2017. Consequently, all the four surveys contained the four identical ques-
tions which are the topic of this article:

1.	 Do you feel that your home tap drinking water is safe to drink? Answer choices: yes, no
2.	 In your opinion, what is the QUALITY of surface water where you live? Answer choices: 

excellent or good, fair, poor, no opinion
3.	 In your opinion, is the QUANTITY of surface water enough to meet human needs? 

Answer choices: more than adequate, adequate, less than adequate, much less than ad-
equate, no opinion

4.	 Do you know of or suspect that any of the following pollutants negatively affect surface 
or groundwater quality in your area? Specific pollutants questioned were pathogens, ni-
trates, phosphates, heavy metals, minerals, pesticides, salinity, pharmaceuticals, petro-
leum products and algae. Answer choices: know it is not a problem, suspect it is not a 
problem, don’t know, suspect it is a problem, know it is a problem 

The survey target audience was a representative sample of the 9,000,000 adult residents of 
Idaho, Oregon and Washington that live within the four Pacific Northwest states (Alaska, 
Idaho, Oregon and Washington). In addition, demographic information, including state of 
residence, community size, length of time residing in the region, gender, age and educational 
level were also collected from survey respondents.

In each survey year, a target of 1,000 completed questionnaires was chosen as the survey 
goal to result in a sampling error of 4–6% [14]. The survey process was designed to receive 
a completed survey return rate more than 50%. Addresses were obtained from a professional 
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social sciences survey company (SSI, Norwich, CT, USA). Four mailings were planned to 
achieve the 50% return rate [15, 16]. The mailing strategy used was identical in all four sur-
veys that had been conducted in the region since 2002 [1, 2].

It only took three mailings to achieve the target return rate of 50% in 2002, 2007 and 2012. 
Conversely, it took four mailings to achieve the 50% return rate in 2017. The first mailing 
included the water issues survey form, a business reply envelope and a cover letter that: 
(1) identified the survey’s authors, (2) explained the purpose of the survey, (3) assured the 
respondent of anonymity and (4) asked the respondents to fill out and return the survey via 
the business reply envelope. The second mailing (4 weeks later) consisted of a postcard that 
stressed the importance of the survey and reminded the respondent to fill out and return the 
survey sent out in the first mailing. Five weeks later, the third mailing was sent to residents 
who did not respond to the first or second mailing. This mailing included a reminder letter, 
another copy of the water issues survey and a business reply envelope. The fourth mailing, 
used in 2017, consisted of a reminder postcard 6 weeks after the third mailing.

Survey answers were coded and entered into Microsoft Excel. Missing data were excluded 
from the analysis. The data were analysed at two levels using SAS [16]. The first level of 
analysis generated frequencies, while the second level evaluated the impacts of demographic 
factors. Significance (P < 0.05) to demographic factors was tested using a chi-square dis-
tribution [14–16]. Since similar response rates were observed in all four survey years, data 
analysis procedures were identical for each sampling.

4  RESULTS AND DISCUSSION
All four survey years achieved a survey return rate more than 50%. This high response rate 
coupled with the survey design assured that the survey results achieved values that were 
within a sampling error of less than 5% [14]. When averaged over the four survey years, 
51.4% of the survey respondents were male. Over 41% of survey respondents lived in com-
munities of more than 100,000 people. Conversely, 16.2% of respondents lived in towns with 
less than 7,000 people. Almost half of the survey respondents attended at least 1.5 years of 
college. The demographics of the survey respondents mirrored the 1990, 2000 and 2010 USA 
census data. Thus, the survey respondents were representative of the actual population living 
in the Pacific Northwest. Consequently, when coupled with the low sampling error of the 
survey, respondents can be equated to residents in the following discussion.

4.1  Satisfaction with drinking water quality

Satisfaction with drinking water was used as an indirect measure of water pollution in the 
Pacific Northwest. Based on the results of the 2017 survey, 83.1% of Pacific Northwest resi-
dents believe that their home tap drinking water is safe (Table 1). This result was good and 
encouraging. Over the 15-year span of this survey study, a large majority of people have 
believed that their drinking water supply is safe; however, satisfaction with this safety has 
slipped from 91.3% in 2002 down to 83.1% in 2017. This difference is statistically significant 
(P = 0.006***). The bottom line is that eight out of ten residents are satisfied with the safety 
of their drinking water, but the erosion of satisfaction in the last 15 years should be addressed. 

The demographic factors of gender, age, education level and community size impacted 
how residents viewed the safety of their drinking water in 2017 (Table 2). Males (86.4%) 
were more likely than females (79.8%) to view their drinking water as safe. This observa-
tion was also true for the 2002, 2007 and 2012 surveys. Respondent age also significantly 
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Table 1: � Public views about the safety of drinking water in the Pacific Northwest based on 
2002, 2007, 2012 and 2017 surveys.

Answer 2002 (%) 2007 (%) 2012 (%) 2017 (%)

Yes, drinking water is safe 91.3 89.3 86.2 83.1
No, drinking water is not safe 8.7 10.7 13.8 16.9

Table 2: � The influence of the demographic factors of gender, age, education level and 
community size on the perceived safety of drinking water supplies in the Pacific 
Northwest based on the 2017 water resources survey.

Demographic 
factor

Parameter DW is 
safe (%)

DW is not 
safe (%)

Significance

Gender Female 79.8 20.2 ***
Male 86.4 13.6

Age <30 years 70.2 29.8 **
30–50 years 85.8 14.2
50–70 years 87.0 13.0
>70 years 89.4 10.6

Education <HS diploma 79.9 20.1 ***
HS diploma 80.2 19.8
Some college 85.2 14.8
College degree 87.1 12.9

Community
size

<25,000 89.2 10.8 ****
25–100,000 82.4 17.6
>100,000 67.6 32.4

**, ***, **** = significant at P = 0.05, 0.01 and 0.001 respectively

impacted respondent views on drinking water safety (Table 2). Older respondents were more 
likely than people less than 30 years old to consider their drinking water safe. This differ-
ence is probably the result of younger residents being exposed to environmental education 
programs in schools over the last 20 years. 

Education level also had an impact on drinking water satisfaction (Table 2). In 2017 Pacific 
Northwest residents that have attended college (some college + college degree) were more 
likely to consider their drinking water safe than residents with a high school diploma or less. 
Over the last 15 years (2002, 2007, 2012 and 2017), respondents with college degrees had 
the highest degree of satisfaction with their drinking water. Residents living in communities 
larger than 100,000 were less satisfied with the safety of their drinking water than people 
from smaller communities. This trend was not observed in 2007 and 2012.

4.2  Surface water quality

A majority of respondents considered surface water quality to be excellent or good in 2017 
(Table 3). The general 15-year trend from 2002 to 2017 indicates a rising satisfaction with 
surface water quality since 2002 as a net percentage increase of 6.3% occurred in the excellent 
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or good category rating. Approximately 40% of the public has considered surface water qual-
ity fair since 2002, while less than 11% considered surface water quality poor over the last 
15 years. Less than 10% of surveyed residents used the no opinion/I don’t know response 
over this 15-year period. Basically, the survey results indicate that the public has had definite 
quality views of surface waters and that the percentages responses in the fair, poor and no 
opinion/I don’t know categories have remained statistically similar since 2002.

The demographic factors of gender and age impacted how survey respondents viewed sur-
face water quality over time (Tables 4 and 5). Conversely, the factors of education level and 
community size had no impact of views of surface water quality over time. When Pacific 
Northwest public views of surface water quality from the 2002 and 2017 surveys were com-
pared, differences due to gender were significant (Table 4). First, males were more likely than 
females to rate surface water quality as excellent or good. Second, the differences between 
gender was significantly more pronounced in 2017 than in 2002 for the excellent or good 
category.

The demographic factor of age impacted surface water quality views over time (Table 5). 
Here, older survey respondents were more likely than people less than 40 to rate surface qual-
ity excellent or good in 2002. Conversely, this age impact was reversed with the 2017 survey 
results as older respondents were less likely to rate surface water quality excellent or good 
than respondents less than 40. Age did not impact fair and poor ratings in 2002 and 2017.

4.3  Groundwater quality

Based on surveys conducted in the region between 2002 and 2017, at least 37% of the resi-
dents believed that the quality of groundwater in the Pacific Northwest was excellent or 
good. Public perceptions of groundwater quality have changed over the 15-year survey study 

Table 3: � Public views about the quality of surface waters (rivers, lakes) in the Pacific 
Northwest based on 2002, 2007, 2012 and 2017 surveys.

Water quality 2002 (%) 2007 (%) 2012 (%) 2017 (%)

Excellent or good 45.3 41.3 57.7 51.6
Fair 37.3 41.7 37.8 39.0
Poor 8.6 10.4 6.0 7.1
No opinion 8.9 6.6 8.5 1.7

2002 vs. 2017 data:****; 2002 gender vs. 2017 gender data: ****; **** = significant at P = 0.001;

Year Gender Excellent/good (%) Fair (%) Poor (%) No opinion (%)

2002 Female 43.7 38.6 9.9 7.8
Male 46.9 36.0 7.8 9.3

2017 Female 44.6 42.3 12.4 0.7
Male 57.6 34.6 3.8 4.0

Table 4: � The influence of the demographic factors of gender on public views of surface wa-
ter quality based on the 2002 and 2017 Pacific Northwest water resources surveys.
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(Table 6). Five major conclusions can be made from the survey responses. First, the public 
perception that groundwater quality is excellent or good increased in 2012 and 2017 com-
pared to the 2002 and 2007 survey results. Second, compared to 2002, fewer people deemed 
groundwater quality fair in 2007, 2012 and 2017. Third, fewer than 10% of the public viewed 
groundwater quality poor in 2002, 2007 and 2012. Fourth, the perception of the public deem-
ing groundwater quality poor significantly increased in 2017 compared to the other survey 
years. Fifth, over 15% of the public either had no opinion or did not know about groundwater 
quality in all years surveyed. This is in contrast to surface waters where well over 90% of the 
public had an opinion about water quality.

The demographic factors of gender and age impacted how Pacific Northwest residents 
viewed the quality of their groundwater (Tables 7 and 8). Conversely, the demographic fac-
tors of education level and community size did not have an impact about groundwater quality 
views. Males were more likely than females to rate groundwater quality excellent or good 
(Table 7). Both males and females were more likely to rate groundwater quality excellent or 
good in 2017 than in 2002. Part of this change may be due to less respondents selecting the 
no opinion choice in 2017. This change may be due to improved public awareness because of 
increased adult consumer education about water and watersheds.

Table 5: �The influence of the demographic factors of age on public views of surface water 
quality based on the 2002 and 2017 Pacific Northwest water resources surveys.

Year Age Excellent/good (%) Fair (%) Poor (%)

2002 < 30 years 42.0 38.8 9.6
30–39 40.6 38.6 10.3
40–49 46.5 34.0 8.3
50–59 44.0 34.1 12.1
60–69 46.2 37.2 7.1
70+ 52.3 32.1 4.2

2017 < 30 years 56.4 28.4 10.2
30–39 55.2 32.4 8.6
40–49 51.4 36.2 9.2
50–59 50.2 31.2 13.4
60–69 46.1 30.1 7.4
70+ 47.3 29.4 12.3

2002 vs. 2017 data: ****; 2002 gender vs. 2017 age data: ****; **** = significant at P = 0.001;

Table 6: �Public views about the quality of groundwater in the Pacific Northwest based on 
2002, 2007, 2012 and 2017 surveys.

Water quality 2002 (%) 2007 (%) 2012 (%) 2017 (%)

Excellent or good 37.1 38.5 50.0 46.2
Fair 34.1 33.1 25.9 21.6
Poor 3.9 5.4 2.7 16.7
No opinion 23.0 23.0 21.4 15.5
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Age significantly impacted the excellent or good groundwater quality selection in both 
2002 and 2017 (Table  8). In general, older respondents had a more favourable view of 
groundwater quality than younger adults. The age by survey interaction showed that all age 
groups had a better opinion of groundwater quality in 2017 than in 2002.

4.4  Perceived water quality pollutant issues

In 2002, 2007, 2012 and 2017, Pacific Northwest residents were asked their concern of 10 
potential contaminants in local waters. Results from the 2017 survey indicated that a large 
percentage of respondents chose ‘don’t know’ when asked about the problems posed by spe-
cific contaminants (Table 9). Phosphates, nitrates, pesticides and minerals (associated with 
hard water) were chosen by more than 36% of respondents as causing problems in local water 
resources. Conversely, less than 20% of survey respondents identified petroleum products, 
pathogens, algae and salinity as local water resource problems.

When the 2002 and 2017 survey results were compared, significant trends about public 
perceptions of local water contaminants were observed (Table 10). Phosphates, nitrates and 

Table 7: �The influence of the demographic factors of gender on public views of groundwa-
ter quality based on the 2002 and 2017 Pacific Northwest water resources surveys.

Year Gender Excellent/good (%) Fair (%) Poor (%) No opinion (%)

2002 Female 33.7 38.1 3.6 22.6
Male 40.5 30.1 4.2 23.2

2017 Female 39.3 23.4 19.3 18.0
Male 53.1 19.8 14.1 13.0

2002 vs. 2017 data:****; 2002 gender vs. 2017 gender data: ****; **** = significant at P = 0.001;

Table 8: �The influence of the demographic factor of age on public views of groundwater 
quality based on the 2002 and 2017 Pacific Northwest water resources surveys.

Year Age Excellent/good (%) Fair (%) Poor (%)

2002 < 30 years 34.0 36.2 4.0
30–39 37.6 33.1 4.1
40–49 36.0 32.3 3.2
50–59 37.9 36.2 3.6
60–69 41.3 36.2 4.2
70+ 42.2 35.0 3.8

2017 < 30 years 45.2 18.3 19.2
30–39 40.6 25.3 9.4
40–49 46.2 19.2 21.1
50–59 43.1 22.6 12.0
60–69 48.3 28.4 17.1
70+ 50.2 19.4 14.2

2002 vs. 2017 data:***; 2002 age vs. 2017 age data:**; ** and *** = significant at P = 0.05, and 0.01, 
respectively;
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pharmaceuticals were rated as a negative issues by significantly more people in 2017 compared 
to 2002. Conversely, pesticides and petroleum products were listed as issues by significantly 
less people in 2017 than in 2002. The recognition as an issue of heavy metals, pathogens, 
algae and salinity did not change over the 15-year survey study. The three contaminants, phos-
phates, nitrates and pharmaceuticals, which were more readily identified as problems in 2017 
are explainable. First, pharmaceuticals were not readily identified as water problems in 2002. 
Since the initial survey, both science and the media have brought this category of contami-
nants to the attention of the public. Second, several research studies and media publicity about 
pharmaceuticals have made the public much more familiar to the average adult in the region.

5  CONCLUSIONS AND RECOMMENDATIONS
This repeated measures survey about water resources was important because it tracked public 
opinions over a 15-year time period using four surveys with identical questions. The first 
survey (2002) provided baseline data while the following three surveys conducted at 5-year 
intervals were used to identify changes in public perceptions over time. This study was unique 

Table 9: �Perceived water quality issues in waters of the Pacific Northwest based on 2017 
survey.

Contaminant Is a problem (%) Not a problem (%) Don’t know (%)

Phosphates 43.8 10.0 40.2
Nitrates 40.7 17.2 42.1
Pesticides 38.9 22.2 38.9
Minerals 36.2 19.3 44.5
Heavy metals 28.3 34.5 37.2
Pharmaceuticals 25.3 22.4 52.3
Petroleum products 19.4 18.3 62.3
Pathogens 14.8 32.6 52.6
Algae 13.1 37.7 47.2
Salinity 12.5 44.1 43.4

Table 10: �Perceived water quality issues in waters of the Pacific Northwest based on  
15-year trends by comparing results of the 2002 and 2017 surveys.

Contaminant Problem worse Problem less No change Significance

Phosphates X **
Nitrates X ***
Pesticides X **
Minerals X NS
Heavy metals X NS
Pharmaceuticals X ****
Petroleum products X **
Pathogens X NS
Algae X NS
Salinity X NS

**, ***, **** = significant at P = 0.05, 0.01, and 0.001 respectively; NS = not significant.
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because virtually all published survey data on public perceptions of water resource issues 
have been based on a single point in time. The findings about drinking water quality support 
findings of other studies conducted in Canada, Great Brittan, France and Japan [11, 12]. Key 
findings of this study include:

•	 A large majority of Pacific Northwest residents were satisfied with the safety of drinking 
water at their home tap. In 2002, satisfaction with drinking water reached 91.3%. How-
ever, the satisfaction with safety slipped in 2007, 2012 and was further reduced to 83.1% 
in the 2017 survey. These values are excellent, but the slippage in satisfaction should be 
addressed in the future.

•	 In 2017, a majority of survey respondents considered surface waters in the local areas to 
be excellent or good. The 15-year trend starting in 2002 indicated a rising satisfaction with 
surface water quality.

•	 The public image of groundwater quality has generally improved over the 15-year study. 
However, a significant portion of the public did not have an opinion about groundwater 
quality. Because of this finding, public education programs should be improved.

•	 An increasing percentage of the public over time indicated that they know or suspect 
that phosphates, nitrates and pharmaceuticals are a problem in local waters. Conversely, 
compared to 2002 study results, fewer people consider pesticides and petroleum products 
a problem.

•	 From a demographic factor standpoint, male respondents were more likely than females to 
say that drinking water was safe, and that both surface water and groundwater quality were 
excellent or good. Females were more likely than males to identify specific contaminants 
in local water as problematic.

This 15-year survey study was data rich, as over 240,000 data points were collected. Since 
this 15-year study was unique and provided data that were useful for both educators and 
policy makers, it would be valuable to continue to conduct this survey at 5-year intervals 
in the future. The water resource in the region will likely become more limited due to both 
population growth and climate change in the future so it will become even more important to 
understand public attitudes and aptitudes toward water resources in the region.
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