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v INTRODUCTION EXCEEDENCE OF BACTERIAL STANDARDS
N
kaﬁ ) The development of ground-water sppplies in San Juan County Ideally, drinking water sources, whether they are to be treated or
\ included the .drllling of wells in many d_lfferent geologic te?rains and used directly, should not contain any organism that may be of fecal
7 \\/\//——- land-use settings. The presence of indicator bacteria (coliform and origin. The Washington State Board of Health (1978, p. 23) requires that
fecal—streptoeoccus organisms) in water from some wells, however, untreated water intended or used for human consumption or domestic use
indicates evidence that the wells have been improperly located or (excluding water systems serving a single-family residence) be tested for
MATIA ISLAND conetructed and allow contamination from surface sources to enter the coliform bacteria at regular intervals. The minimum number of samples
age45' L < - 48°45° aquifers or wells. The purpose of this sheet is to discuss the to be taken for routine testing depends on the population served. The
concentrations of coliform and fecal-streptococcus bacteria found in number of colonies of fecal or total coliform and fecal streptococci, as
&y water samples from wells tapping the aquifers and to assess the overall determined by the membrane-filter technique, shall not exceed any one
sanitary quality of ground water in the islands. of the following criteria:
(@) One per 100 mL as the arithmetic mean of all samples
SKIPJACK ISLAND BACTERIA AS PROBABLE INDICATORS OF POLLUTION examined per month;
— LA PS DOM = (b) Four per 100 mL in two or more samples when less than 20 are
Total-coliform, fecal-coliform, and fecal-streptococcus organisms examined per month; or
#* | Aug |Sept Aug |Sept DOM have long been used as indicators of probable pollution from such sources (e) Four per 100 mL in more than 5 percent of the samples when
rla1] & T| 2 | 35 Aug'Sept as septic systems and landfills and by runoff from farmlands, animal 20 or more are examined per month.
REC feedlots, and soils (Greeson and others, 1977). Under proper conditions,
AuglSept F|<1]|<1 F| <1 <1 90 | 38 the soils, if present and of the proper grain-size distributions, can filter Although it is beyond the scope of this study to measure coliform
P s| - 1 1 2 <1| <1 out many bacteria. However, if the well is poorly sealed from the bacteria at the optimum frequency to determine consistent exceedence
= T| 2 (136 surface or poorly located such that the flow of contaminated water is of sanitary standards, it is nevertheless instructive to assess the
Lh__ 7 Fl<1| <1 E1 -1 4 greater than that which the soil can assimilate, the ground water may exceedence of criterion (b). Assuming that the samples of August and
l , 1 L1 i not adequately be protected from bacteria. Each of the indicator September were collected within a 30-day period, the requirement is met
. PS(5) Sh = 421 Lo L‘i N O bacteria types is discussed below. for providing a minimum of two samples per month. Samples from 11
4l 10 ﬁ‘ 4 e sites, 6 percent of the total sampled, exceeded standard (b). (These sites
; WALDRON *,Aug[Sept [ ¢ P ™ BARNES L SR Total-coliform organisms, although harmless themselves and found are shown with an asterisk on the map.) All the samples exceeding
- \ o ® \ L8 L ISLAND | naturally in many environments, are almost always present in water that bacteria standards were from wells in glacial-drift materials; most of the
\ i B4 ’ contains pathogens (disease-producing organisms). They are easy to wells are used for domestic supply, and most are located on Orcas
b8l i D] Fl<1| <1 13 / isolate and normally survive longer than pathogenic organisms, and are Island. Two wells not used for domestic supply but showing high coliform
o = 3 e b thus a useful indicator of the possible presence of pathogenic bacteria concentrations are wells 35/4-11L1 and 37/2-11F1 (see sheet 1 for
37 and viruses. In general, water that is free of total-coliform bacteria is explanation of well-numbering system). Well 35/4-11L1, used for public
3 37 considered free of disease-producing bacteria. water supply at San Juan County Park, had the highest counts observed in
“"STUART PRt P C Sept| this study. The well is shallow (about 30 feet deep) and in glacial drift.
' ISLAND i The use of fecal-coliform bacteria to indicate sanitary pollution has Well 37/2-11F1 is a municipal well on Orcas Island, one of several wells
o 45 3t . proved to be more reliable than the use of total-coliform bacteria that serve the town of Eastsound. The well yields approximately 10
iy % <1 o because, unlike total-coliform bacteria, fecal bacteria are restricted to gallons per minute and is reported to be 37 feet deep in glacial drift.
= : %A(I Mt.ﬁt 4 \ N the intestinal tract of warm-blooded animals. The occurrence of fecal
A 8 7 Vb st bacteria in the aquatic environment is generally rare except in areas
/) ] . DOM ( /r \ contammateci by waste water. SIG NIFICANT FINDINGS
' Aug Sept . :
i 12 29 28 'W)_ L A 27 26 4 a0° In general, fecal-st}'epto_coccus bacteria are more Fesxstant to Analysis of well-water samples for the ocecurrence of indicator
_ P1 <1| <1 natural and manmade purification processes than are the coliform group. bacteria yielded the following information important for water-quality
I O 11| <1 ; ™ Lawrence Therefore, streptococei may be the only indicator of fecal pollution at y
\ N £ p 2 : - management.
- oint points distant from the source, where fecal coliform is no longer
\ G1 @ - | <1 A\ 3 present. When water shows a higher count of fecal streptococei than (1) Twenty-eight of the 171 ground-water sites sampled in Aug\ust 1981
Q D1 5 36 fecal coliform, it most likely contains wastes of animals, particularly of contained either fecal- or total-coliform bacteria. In a September
DOM 1l ‘\ 53 i “ - - \ 33 34 35 livestock (Geldreich and Kenner, 1969, p.337-352). Such conclusions, resampling of the 28 sites, 21 showed positive counts of fecal
2 . : ?
FLATTOP Aug [Sept / = Lk 1 Beveyae, aneaaRt rlellab}e whenbtlhe i .bﬁdema teslts dere t?;(enbclose streptococei and one site had a positive count of fecal coliform.
O T| <1 b - / - k9 ﬂ}e fs olu'r ey G ERRR TeaReTy with. ‘Gasterial die~oll cpsewre Sites with indicator bacteria present, especially fecal coliform and
RS D . Ci y , N B2 =4 meaningtul interpretation. fecal streptococci, need to be tested further and analyzed for
Fl 1 o C A S VAL A N D oebay pathogenic bacteria, especially if the counts of indicator bacteria
re high.
- 6 5 Ty s ) a ) 5 K 4 3\ 7. . \PS(30) DATA COLLECTION AND ANALYSIS R
‘ \ ‘ Aug (Sept ii 1 t, but d t
Aug Septhestspung, P4 # : . (2) The presence of fecal streptococei in 21 wells suggest, but does no
g ék\ N B1 Dolphin @NA1 = Tl <1l <1 _ During August 1981, 171 water-source sites—169 wells and 2 confirm, that the source of contamination is removed some unknown
311 \ F1— G1 B1 : v s, e samp}ed for th: presence of such mdlcetor DACESe, a8 distance from the zone of pumping, and that the less resistant fecal
e V<1 | <1 0 1\/\0—/\ D @n % 1 <1 total- and fecal-coliform and fecal-streptococeus bacteria. For purposes coliform die off, while the more resistant fecal-streptococcus
7 - \ X 3 S of this report, the springs are considered ground-water sites. The R
Q ® w5 -2 r 10 11 12 8 /H1 DOM - | <1 locations of all sites are shown on the acecompanying map.
't' DOM 0'98 . . .
PEARL ; thott_ 7 = > @ IRR = = " (3) All of the water samples that exceeded indicator bacteria standards
T Al i b : 1@ E # |Aug Sept y ) Mg sept * | Aug Sept Sam[?;es from 28 of the 171 sites (16 percent) had totaé— or came from wells in glacial-drift material. Most of the wells were
w / ‘ / E 21 146 ) 1 E T [TNTC| 64 tecnl-colifdrm: Baeteni (WEnL : Thee 51tes Were masmugle = located on Orcas Island, and most were used for domestic supply.
14 - D JONES H . H \ T 2 | <1 SR 3 . September for total- and fecal-coliform bacteria and fecal streptococeci
Nt/ Roche Harbor K2| . isshN® % 17( Fl <1 <1 16 2] @ / s 4 <1/ <1 . 5 to ‘eonirni the fire sampif bens. Most (84 percent) of the sites sampled showed an absence of
; v > < = ' = i 81 & indicator bacteria, and presumably provide water of acceptable sanitary
o : = | 62 /Kithebre % . s : , P! y p ptable
f?f - / ISE ESED L N4 : > K(sz(m“wz S| - 2 d Waier za}nplt:.z BaCne collec;e_d dl.n Stte“tl)lzetd pOtﬂ.ii’. plé’(l:ed o tl.fe’ quality for domestic, municipal, recreation, stock watering, and
19 \ = : s anu ar;a.a e d ”» h ef [irl'ese_nce é dl.rtl. 1ca. SR MR RSRRnE irrigation  uses. Nevertheless, the presence of coliform and
> /g - 4\3 MCcCONNELL b 2 Or — G1 H1 0 ealieetioniRder tHe IDRONINE BOSEEEIon fecal-streptococcus organisms in 16 percent of the sampled waters
/ ISLAND CRANE} 5. ’ A2 )0 G1@ -~ indicates that sanitary controls are not entirely adequate. Future studies
A ' / - - ISLAND 0 Broken "ol [ Aug 'Séytg k y i 19 L8 L AND J : ) ) might include two main efforts: (1) detailed well-by-well evaluations of
- — %  yELLOW 19 sag" et " ’ K1, Indicator bacteria Temperature Incubation period geologic conditions, sources of wastes, and details of well construction
: Al N ISLANDSY f':"')': r Ti 7 | 10 D O - ) that might increase the susceptibility to bacterial contamination; and (2)
. <1| <1 i 7 Aug Sept Total coliform 350C 24 hours ongoing monitoring of sanitary water quality. Such a monitoring program
- LEgF . B1 B Fecal coliform 44.50C 24 hours should be county-wide, with an emphasis on sampling areas known to
Point S| FX 2 > T| 12 <1 ] 350 Fecal streptococci 350C 48 hours have a high incidence of bacterial contamination. Such a monitoring
35' | A N - 2 program would provide early warning of potentially serious problems and
' :< would aid in developing criteria for effective control of sanitary quality.
E LY < Bacteria tests were carried out by the membrane-filter technique Results of the monitoring might be combined with the well-by-well
- described by Greeson and others (1977). The bacteria colony counts inventories to test cause-and-effect relationships.
y o, 3 9 shown on the map are expressed as the number of bacteria colonies
T"C'i.‘;‘;w.z g g J\ present in 100 mL (milliliters) of sample. One or more colonies per 100
mkc?’\\l» 5 § 34 2 mL is a positive test.
1 /  Spurtsmans T ) Trdun A% DOM r Hobaies Sponn
v T, ake Re.
B 1B 2L\ g CANOE | [ Aug sept - s ke B INDICATOR BACTERIA IN GROUND WATER
% ISLAND 6 | <1
}; 4P The accompanying map shows all sites with positive bacteria counts
a 2 on one or both visits that were sampled for indicator bacteria during
= | =1 August and September 198l1. Mean, median, minimum, and maximum
9 ! values for the sampling visits are shown in table 1.
o — - . (_)f the 171 ground-water sites sam_pled in August 1981, 25 sites had
= kgD Spence, Q g positive counts for total coliform, 7 sites for fecal coliform and 28 for
e M1 \spit FROST both fecal or total coliforms. Thus, 16 percent of the sites had positive
H TURN PS(2ND ISLAND counts. The mean and median values of fecal coliforms were less than
. Friday \"sE3 ISLAND S - st Kt one colony per 100 mL.
’ T i F
. L Harbor PS(3 et 00 oEGE T. .
M ' e [ i3 (3) T 15 T/ 1|7 doi e The wells with water that had shown indicator bacteria in August
DO @ Aug Sept 0, Beptem
B Sept e = 9 pep were resampled in September. Analysis for fecal streptococci was added
3 per \ K1 Tl 1 | <1 <1 | <1 for further indication of waste-water contamination. Total coliform
35 T| 1 |57 . - S| - (100 - 19 were present in 18 samples and fecal coliform in only one; however, 21 of
Fl 1 | <1 H1 O - <l = DECATIUR 35 the samples were positive for fecal streptococci. Median concentrations
- S ;’SALMAENS of fecal coliforms and fecal streptococci were, respectively, less than
S| - |2 : & B one and one count per 100 mL.
DINNER 20
N ke o N. About half of the well-water samples with positive counts of total
DOM sTLnAuNMDP : coliforms and fecal streptococci were from Orcas Islands; Lopez, San
25 AuglSep 3 Juan, and Shaw Islands, respectively, had fewer positive samples.
ug
. . - 30
30" DOM I\ ) T| 8 | <1| cenTER
Aug [Se K2 \ / . 5 W ISLAND |
8 pept P3 \ . il ‘ al TABLE 1.--Statistical summary of coliform-bacteria concentrations
3 | <1 1 \ 1 E1 S| -% 1 ' in wells and springs
<1 |«<1 Q = = . . .
: 32 A [All bacteria are expressed in colonies per 100 mL]
- | < e
1% g Fecal Total Fecal Total Fecal
PS(5) “ — coliform coliform coliform coliform streptococei
— Aug [Sept Bacteria statistic (168 sites)* (164 sites)* = = -—--- (30 sites) —----
Tl 2 [« August 1981 September 1981
<1|<1 ;
el = 1 Minimum <1 <1 <1 <1 <1
EXPLANATION Maximum TNTC** TNFCH= 340 2,300 2,100
Q Bedrock well Median <1 <1 <1 8 <1
O Glacial drift well ; Moan 4 2 12 122 83
® Aquifer geology unknown i
. & One or more colonies
: O~ Spring <1 S per 100 mL detected 7 25 1 18 21
E1 Well number (see Sheet 1 for explanation 1 QC:»Z) S
of well-numbering system) e CHARLES 34
ISLAND TOLAND D0 *Non-agreement of nurber of sites shown and actual nurber sampled results from data
Tables: —— discarded for analytical reasons.
34 . 2 DOM P7 O
; T Total coliform bacteria L :
DoM Domestic water use _ . Aug Sept o 5 " Note: The <1 (less-than-one) count reported here and on the adjacent map indicates that no
REC Recreation water use F Fecal coliform bacteria 2 |158] O _ T bacteria were found. However, it cannot be assumed that a well is totally free of
: . S Fecal streptococcus bacteria 1 A bacteria when only 100 mL of water is sampled. Therefore, the results are reported as
\ T IIRERTRmARLET Use . bl £ <1| <1 L3 K < 5 if there had been one bacteria colony on the filter per 100 mL of sample, and the
PS(30) Public supply showing number (30) of hookups <1 béﬁrgig:et;;g]ggg’s;gﬁ)(see Table 1 for =17 eounit §s precsded by & ™less=thas™ (<) syibol.
i i r b Lol ol 3 : .
48°25' | * ?ggtgr;?ﬁ?zg:z ?ﬁczﬁgﬁgtliazgggg;ig;bgﬁ TNTC Too numerous too count — **TNTC indicates that bacteria were present in concentrations too numerous to count.
Aug/Sept Sampling months = Well not analyzed for bacteria types in August 3
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