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ABSTRACT

Tates Creek is a significant tributary to the Kentucky River that has shown high levels of
microbial and nutrient pollution. We sampled the waters of Tates Creek comprehensively by
occupying 25 stations along its 13-mile length, collecting stream water at the confluence of
major tributaries from its headwaters to the Kentucky River. Samples were collected four times
between May and August 2011 during dry periods as well as immediately after a rainfall event.
We measured ammonium (NH,"), nitrate (NO3') and phosphate {PO,) concentrations using
colorimetry. Microbial samples were measured for total coliform and Escherichia coli using
IDEXX Colilert-18 media. Background levels of NH,;', NO; and PO, are typically ~0.3 mg/L, 5
mg/L, and 1.0 mg/L, respectively. Background Ievéls of nutrient concentrations generally
increase during rainfall events, presumably because nutrients are flushed into the stream.
Background counts of E. cofi are typically ~100 cfu/mL but E. coli counts reached 1,000 - 2,419
cfu/mL immediately following rain events. A sewage treatment plant exists approximately two
miles from the headwaters and noticeably affects water quality. Nutrient concentration,
especially NH," and POy, are markedly increased at the plant’s outflow. These nutrients then
decrease steadily in concentration downstream to background levels, In contrast, fecal microbe
counts are high upstream from the plant, but fall to near-zero levels at its outflow, and then
increase anew downstream. The treatment plant went off line on 19 July 2011 and nutrient
levels downstream immediately decreased whereas F. coli counts remained high upstream and
downstream of the plant. A companion study sampled stream biota before and after the plant

shut down into 2012. This allows any changes in stream biota to be recognized and attributed to

plant operations.



_ INTRODUCTION

The naturé of :'\_.yate'r pollut.ion in the United States has ch:air'iged.dr'as__tically since the last
century. Poliutants tﬁgn wefé u.sually from sbeciﬁc industrial, _m#nicipél, or urban 's'o'urce.s tﬁat
could be traced and a_ftribixtcd ._to their source. Since t_f_j__e e‘néctment and enforcement of the
Ciean Water Act (1972), tﬁe .\.Nat_er qua[i;\} of .surface.'ﬁlt':}ééms, rfye_rs ;i_nd lakes have become
much improved (Robert W. Adler, J.é.s'sic.; C. La_ndmah_,’ i_lji'é'he M Cameron {1993). However,
much of the nation’s water remains contarr.!inat.ed:_v\;it!? ba._ck.grodr.ld. levels of various chemical
and biotic substai’lalces., _w_b_ich r;a_rmpt_ be attripu_ted to an Qﬁ_amﬁigucus source at_fh‘ough their
origi.ns are_wei!.'knc.)v;n (C.Ei'f.ford'..s.. RIILIIISZIS.EI, Ch'ristop..her D. Cl.él.r'k). These non-point sources, like

_.s.,igniﬁc_.a_ﬁ_"t_'_con.c.é'ntré_tic;n.s of diésbly_ed n_utri.é'_nts. and %e?:a! rﬁicrobes, still negatively im'pa.ct water
_..quality.'éx.céss !evef;df_ n_utrie_pt_s _in surfgcé lv'\fa.x.ter.s _!ead to sigﬁiﬁcantty increa;._étf .!e_..\._'reis of algae
growth that ;:an resu& iﬁ disoxic ér an.c;;ic waters {Nicole Silk, Kristine Ciruana 2004), ané can
- impact other freshwater biota and biodiversity {Geoffrey E. Petts, Peter Calow 1996). Animal
feces .and.'fe[ai'ed biota cén :pf.ése'nt pathalogtca!nskstohumanswhaiea!socontnbutmg to.
elevated nutrient levels. .. S

Tates Creek is a signiﬁ;an_t '_cributary_ to the Ken_tu_c_ky River. Its _heao_:!wai_:ers are located
near downtown Rich__mond, Madi_s_on County, Ke_ntucky_gg:d _the__;tream rur_as.app_roximateiy

thirteen miles northwest to the Valley View ferry located on the Kentucky River. (Fig. 1). The
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Figure 1. Map of Tates Creek watershed showing sample locations. Sample locations noted by a star are also sites
sampled by the Kentucky River Watershed Watch. Base maps are 7.5 minute quadrangle {1:24000} made by the
United Stated Geological Survey. Valley View {1952}, Kirskville {(photorevised 1979), Richmond north (photorevised
1993}, and Richmond South (photorevised 1997).

Tates Creek watershed displays various land uses including communities on city sewer and
septic, pasture land, a sewage treatment plant, and a golf course. The majority of sample sites
upstream of SC are on city sewer, but housing communities downstream from that site are on
what are likely aging septic systems that may contribute microbes. Residential areas between
STC and VV are suspected of using straight pipes, however none were directly observed while
sampling. The golf course, located at sample site AC could potentially contribute various

~ nutrients to Tates Creek in the form of run-off from fertilizing and irrigation practices.



Pastureland as well as some farmiand is the primary land use surrounding the entirety ofthe
Tates Creek watershed and several of the residential areas downstream of Station 7.8 contain
small family farms that could potentially contribute both nutrients ana fecat .n'\i.c.ro.b.t.eé.:to the
watershed as well. Water levels in Tates are 'd.'epend'en_t mainly on faihfali'ﬁut also on the
amount of treated water released by the Tates Creek séwage treatment plant. The sewage
treatment plant was in ..t':perafion:durin'g'ati but our finat sample date and weﬁt'Ofﬂiﬁé on uly

19, 2011. {Fig. 2)

- - Sampling L o e e 4
—~ &} dates: May 31 June21 July s © o Augh E
s | 12.0
o - A
AE R Y A N I R IETNT: N - X
o 3 R ]
. ] =n
£ ab b v . 115 8
a {10 &
- - . : 3 >
e ol ® e EEREE : 4 b
5 - (AR o’ Sewage treatment 0.5 =
e pree 3 g LS
I_L y . - _ .~ plantcloses 1
Y i I. Al i n L 1 1 e i It L L L i L i G

160

“June

180

200
“duly

220
August

20

Julian Day - 2011

Figure 2. Rainfall amount (columns) as recorded at the Tates Creek sewage plan,t and water outflow from the plant
{points). | - RPN P

A comprehensive w;ter qu;lity éssessment of Tates Creek has not been _c_ond'ucted;
however, the Kentuck\./. Rivef Waférshed Watch (KRWW) has cccas.iqna[ly sampled six sites along
the creek. In these cases Tates Creek has been identified as a ’ftrcqblgd stream” with high

' nﬁtrient and fecal microbe counts {Kentucky Divi_sion pf Wéter_, 2007). The objective of the
sampling is to identify possible sources within .the watershed that contribute to_fet_:.a:i __m_i;robes
and the nutrients {phosphate, PO,’; ammoniu.m, i\;h.l; , nitrate, NOs ). Another team working in
conjunction with this study is examining the biodiversity of the stream by collecting flora and

macroinvertebrates in order to assess the stream’s health.



METHODS

Sampling Strategy

Sampling occurred four times during the summer, with approximately two to three
weeks between sampling dates (Table 1). One sampling date (June 20) occurred on the day
after a major rain event and two were during relatively dry conditions in order to analyze the
possible effects of run-off on nutrient and microbe levels. (Fig. 2) Nutrient samples were taken
from the mouth of major tributaries at as at upstream and downstream positions within Tates
Creek at the tributary entry point. Microbe sampies were taken at the tributary mouth and
upstream within Tates Creek {Table 1). Sampling sites duplicated those previously tested by the
KRWW (Table 1}, but increased in number from six to twenty five to cover the entire stream
course. At each sampling site, care was taken to cause unnatural levels of turbidity by sampling
first at the downstream point. Water was ideally collected in the portions of the stream with

higher flow, generally in areas with riffles or cascading water.

Table 1, Sampling dates with generat conditions of Tates Creek based on water flow and recent rainfall.

Date Physical Conditions

May 31%, 2011 ngvrsoxnmately a week after last rainfall. Creek and tributaries have moderate

June 21%, 2011 | Day after a significant rainfall with thunderstorms. Creek is at a high flow.

h No appreciable rain since last sampling date, June 21%. Creek is shallow and
July 57, 2011 . .
several tributaries are dry.

August 5"’, 2011 Several days after last rain-faH in.dry conditions. Creek is almost dry toward
headwaters and several tributaries are dry.




Table 2, List of sample sites along Tates Creek by name and abbreviations with relative locations; land use types,
and sampling procedure, Tates Creek road paratlels the stream and milage to sample sites are given along with
likely contaminants, The number position and number of sample also appears. Sites marked by an asterisk (*} are
those shared with those of the Kentucky Rivershed Watch.

Sample | .. .. .Sampling . .. . ky1es o ocoEfflgent b Hkely i ] Number of
Cade ) | Mileage " Type 77| Contaminants Sampling Sarnples
MPK-E Miltion Park 0.1 urhan NM Creek only 1.
MPK-W Million Park 01 urban MM Creek only 1
MP McCready pond -« = 03 - ‘Residential U i} L IN M : ‘infiow, outflow Fx
KCS Opposite golf course 1.1 Roadway, golf course N, M Creek only 1
A Arii'ﬁgtnn' S I R R T e " Drainage only” g
175* Interstate I-75 1.35 Roadway N, M Lipstream, down 2
sy '] Sewage piant Tl ws " 'Se.ﬁva'gé.' o UM CUpstream | 1
SPD Sewage plant 1.8 Sewage CNM Dawnstream 1
SKEC South Keeneland 2.0 Urban, residentlal N,M Drainage only 1
wes - trvine Lick confluence 2.2 Urban, residential N M inflow, u'p, down.. 4
5C Substation 2.3 Residential septic N, M Drainage only 1
CWE L Wellington © CCb 3.0 " Residential septic = [i . TN/ML 5l Draimageonky T
TCE* TFates Creek Estates 3E Residential septic N, M Drainage only 1
B ] Finney Creek confluence 25T hastre T T T iniows up, down 3
CFC Crutcher Fork confluence 4.9 Pasture, residential N, M Inflow, up, down 3
Honest Branch R CRRIN R
HBC* confluence 6.2 Pasture N, b inflow, up, down - 4
5FC Shallow Ford conflyence 6.4 Pasture ) N',.'M “inflow, up, down 3
7ac | Mite 7.8 conftuence <1 7 787 ] pasture T UMY ] inflow, up, down | 3
BC Baldwin conflugnce 82 Pasture N, M inflow, ug, down 3
BeCs ‘Buffalo Creek canfluence .| 8.5 T pasture NM . Tnflow, ug, down 3
8.9C ._Mile 8.9 confluence 8.9 . Pasture . N .M Infiow; up, down 3
" Stringtown east " R : RS R
STE canfluence 10.3 Pasture N, M Inflow, up, down 3
) Stringtown west . coe o o T [ N
STW ) confluence - o 103+ Pasture ) NM - T inflowonly T T 1
Lec* Long Branch confluence 113 Pasture N, vt inflow, up, down 3
1156C B KY 1156 conﬂuéﬁfe . 12.6 B Pasture i NM U 1|:|ﬂov)v;.t}p., down . 2.'
vy Valtey View . 12.5 Residential septic N, M inflow, up, down 1
Kentucky River o ) : O ' ke :
KRC confluence 12.6 Pasture N, M inflow, up, down 1
: Totalsamples . i 84
KEY: M=nurrients M = microbes up = upstrearn down = downstream "KRWW location



Sampling Methods

Nutrient sampling was conducted using a 100-mi syringe. The syringe plunger was
removed and the syringe was submerged, a.perture—end down into the water. The syringe was
then turned upright to collect the sample. The syringe was removed from the water and the
plunger was replaced. A Millex-HN, 0.45 pm, nylon, 33-mm syringe filter was placed on the
syringe to capture any sediment or organic material while filling two, 10-mL test tubes used for
ammoﬁium and phosphate analysis, and a 26-mL scintillation vial used for nitrate measurement.
The syringe filter was replaced if it became clogged. All samples were acidified with two drops of
concentrated sulfuric acid per test tube and four drops per scintillation vial to a pH of <2 for
preservation of the sample {Method 4500-NH3" A, Method 4500-P, 2005). Nutrient samples were

put in a cooler containing ice immediately after collection and were stored in a refrigerator in

the Iab until analysis.

Microbe sampling was conducted according established protocols (Method 9060A,
2005). Water samples were collected in IDEXX, sterile 120-mL vessels. The vessels were filled
with stream water by removing the band-seal and lid, then submerging the entire vessel in to
the creek with the aperture end down in order to trap air within the cavity of the vessel and
therefore help prevent contamination from surface debris. Once the vessel was completely
submerged, it was turned upright to fill with water. The sample was then decanted to the
marked 10C-mL fill line. The lid was then secured and the vessel was immediately placed in an

ice-filled cooler taking care to keep samples out of any melt water.



.- Laboratory Methods . . .

" Phosphate meé_.sléilr'e'fn.e'n{s wire c'f_}.rjt'du;c't.e'.d' as outlined by Str:ic'kia'm._:i and Pérs_ons (1968)
as modified by Gieskes et al. (1991) using colorimetry (see also Method 4500 P, 2005). We
made a stock solution o 101.1 mg/L PO, (32.9 mg/LP) in double-distilled water. We then
diluted this solution to :'Eﬁa'ké standards of ép;ﬁ'rdxim"'a't'é'ly:0...2'5.,"0'.'5',' 10,25 and 5.0 mg/L
phosphate. Standards were generally linear between 0 and 2.5 r_ng/l_.. Any samples outside the
standard range were diluted by half using double distilied water and apaty_zed:'again._.'{_he
samples and standards developed for thirty minutes and then analyzed usinga. ...

photospectrometer set at 885 nm.,

Nitrate values were calculated using the c__ad_mi_um_ reduction method (Method 4500-NO;
E, 2005) utilizing NitraVer packets. We made a NO3stock :solution__of_ 447.1:mg/L NO; (101.0 .
. mg/LN). We then diluted the stock soiu_tion using double-distilled water to create §_téhd#rds of
- about 0.5, 1.0, 2.5, 5.0and 12.6 mg/L ni:trat*e. The procedure calls__adding 1 :;.a:a:_ck_et;t_:_f Ni_tra_.\_/er to
20 mi of standard or sample, mixing for two minutes, and developing for at _lea;t:ohg_minute,
Samples and standards we_r_e‘_then analyzed using 2 phqtospgc_t_rome_ter. set ;9_54_3_ nm : |
" Ammonium values Were'c.aicu!éted' u.si'ng 'thé. metﬁodé 'ou't!i'n.éd_'by Sd_!or;a.nb.(i'%_o)
usir;g c.oio.rime'try (Méthod 4500:[.\.1& F, 2005_-).'We p'repa'réd.t' a'KINO‘; 's."_c"(.JCk :Sb.[ﬁtib'h:.?.af -447.1mg/ L
NHJ (101.0 mg/L N} .'v'vhic'h' we u'séd tb' cre'até. s.ténd.a‘.rds'of aﬁhfdkimatety 05, 10, 2.5; é5.{) and
12.5 fﬁg/i_.tﬁrdug'h dilutio.n'. Sampleé and stéhdér’&s were then anaiy:iéd u.sing'a -
' 'pﬁotosbectro.rhie.tér set to. 640 nm.
_ Micrpbiai rapid assay technigues are based on s.pec_if.ic_ media usage by t_arg.et microbes
_t_hat_after media and cause f_tuores_c_er_lce (Method ?223, 2(.)_0_5._). For f:o.}i_fornj bacter_ia,_ t__he growth

media ortho-nitrophenyi-B-D-galactopyranoside {ONPG) is used to detect the presence of the

9



enzyme f3-D-galactosidase (Method 5223, 2005). Serial dilutions are the used to statistically
estimate microbe counts termed the Most Probable Number {MPN), expressed as the number
of colony-forming units per unit volume (Method 9221, 2005). For E. coli determinations, 4-
methyl-umbelliferyl-8-D-glucuronide (MUG) is used as a substrate to detect the enzyme [ -

glucuronidase {Method 9223, 2005), using the same statistical method.

We use IDEXX methods that simultaneously assay for total coliform microbes and E. coli
(IDEXXa, 2011) using Colilert media {(IDEXXb, 2011). The media contains ONPG and MUG, and
microbial counts are established mirroring serial dilution techniques using their quanti-tray

assay method that produces MPN counts (IDEXXc, 2011).

Microbial samples were prepared the same day that they were collected. Individual
sample vessels were inspected to double check fill quantities and were decanted if over full,
IDEXX Colilert®-18 media then added to each sample and the samples were then gently shaken
until the Colilert materiat was fully dissolved. The sample with dissolved Colilert was then slowly
poured in to an IDEXX Quanti-Tray®/2000. The tray was folded shut and placed in a Quanti-Tray
2000 insert and run through a therma!l sealer. Sealed trays were incubated at 35°C for 18 hours.
After the incubation period, the trays were removed from the incubator and analyzed. The
number of large and smatl wells that changed to a yellowish hue was recorded as positive for
fecal coliform. The positive wells were then assessed for most probable number of colonly
forming units {cfu) per 100 mL using the IDEXX MPN chart provided with the IDEXX Quanti-Tray
2000s. The trays were then placed under a 6-watt, 365-nm UV light within 5 inches of the
sample in a dark environment. The wells that fluoresced were counted as positive for £. coli and

the MPN cfc/u was calculated through the provided chart. The IDEXX Qunati-Tray/2000 is

.capable of determining.microbe counts between.1l-and 2,419 ¢fu/100 mL..Counts designated-as. ..o o

10



>2,419 cfu/100 Ml must be diluted to obtain quantitative values. When analyzing wells for £.
coli, those that fluoresced but did not show positive for fecal coliform were excluded from the

count, per the directions provided by IDEXX.
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RESULTS

Entry of contaminants in the Tates Creek system is mostly dependent upon rainfall
within the watershed. Figure 2 shows the rainfall events and their magnitude as recorded at the
Tates Creek sewage plant during the study period. Also shown is the outflow of treated water
entering the stream from the plant until the sewage plant was shut down on July 19, 2011.

Outflow amounts are also dependent on rainfall as storm water runoff and the sewage stream

co-mingle.

Sampling on May 31 occurred several days after some small rainfall, Upstream of the
treatment plant, phosphate and nitrate generally occur at thelr lowest concentrations in the
trunk stream (Fig. C1). Phosphate and nitrate concentrations are highest immediately
downstream of the sewage treatment plant (SP-d), downstream of adjacent pasture land
{upstream Irvine), and at the sewage pumping station at Goggins Lane {ILC-u); ammonium is
measurable only at the sampling site downstream of the treatment plant {SP-d). Phosphate and
nitrate then decrease steadily downstream within Tates Creek, and contributions from the

tributaries are lower than trunk stream levels.

A severe thunderstorm with heavy rainfall passed through the Tates Creek watershed
on June 20 and we sampled the day after. Phosphate and ammonium levels are very low
upstream of the sewage treatment plant (Fig. C2}, and their peak values occur at the 3 sites
downstream of the plant {SP-d, upstream irvine, ILC-u). Peak nitrate values also occur
downstream of the treatment plant but are generally high upstream as well. Phosphate and
ammaonium levels are generally low downstream of the Irvine Lick confluence (ILC) with

concentrations in tributary streams being lower that those within Tates Creek. However, nitrate

e remamhtgh o e |n,r|ne|_gckconﬂuence(1Lc) N et
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tributary streams continue to be generally lower than those within the trunk stream with the
exception of station 7.8C.

- Sa:n;lbliné .c;ccﬁ.fring. on :J;!y 5 t:)(.:curr.e.&. after a' ﬁeriod of ;s:s.e.hﬁ.a.l'ﬁy' no fafn smce the last

| sampiiné daté, Jdne 21. A.ll:ﬁutrié:rit.s .a:_'é icw upstreamof th.é: geﬁf;g‘e treatmentpiant (Flg C3),
with .the'h'i'g'r;est values at the 3 sites downstream of the plant {SPd upstream 'a'rv_in;," th-u).
Nitréie con:centr.étio'ns ére conssstentlyh:gher abwhéfféém of ;rﬁihe Ltckconﬁuence (ILC) than
ammon.ium. or phos..p'f:ia.te. The .tr'i:bufar.y.r .én:téfing. Tates Cfeék .fl.'.om. the .ea.s..f atStrsngtown (STE)
contained ammonium and nitrate values higher than those of Tates CreekT tong Branch {LBC)
has ammonium values as high as background values in -"_fate's Creek. -

o The_sampiiné déne on Auéust 5is tﬁe s:o:!é .s.ar.npli.n.g f;.ré.y that occurredafter fhe
s.ewége 'tre.étme:r:x.t p.ién'.c.céaset.ﬁl 6p.erat.i.o:r:1.'s. andoccurred afteragentle r'a.in.t}_\.é_ day .l.:a“efor_e. All
nutrient values are much lower than those measured on other sampling dates, and the stong
.. p.éé k It'hat charactenstmal!y occurs im medxateiydownstream of the sewagetreatment plant is

.absen.'_c.. I\;litraté and ai.rﬁ'moni.L.J.rﬁ céﬁééh;t.r.é.tio.hs arezero .at.r.ﬁ(:)st.szaf;b:li:n:g s’tat:onswvth
amm..c;ni.um bemg zero ét all stat;ons Phosphate véiues: are decreased re!attveto theother
samphng datéé an.d..t.r'ibu_ta..ry..lévglzs aré consastent[v[ower .t:ha.n .‘thOS.t:E e;fi'l':a.te.s Creek N

Backgrpund !e_vets of {aitroge_ﬂ_ as amm:qn__ium, n_itro_ggn as n_i_t;_atg, qnd _phpsph_a’ge are
- ~0.3, 5,_an_d__ 1.0 mg/L, respectively. Ove_ralf, m_;tr_i_er_a’_c __!gve!_s_ of _t_he majo_rit_y .Qf __t_r_ibg_tgrie_s are ator

__beiow_ background levels. The highest levels of_:ai! three nutr:ients_ yggré_;:ons_i__g;ently ob__served
immediately downstream of the sewage treatment plant (SP-d, upstream lrvine, ILC-u}
| .Downstrea;rr;..i’.r'c.arr.l the p!aﬁt,.we. also ot.)s.erve::‘d. and abundance df vanous .al.gae coating the
.bec.irock of t.he strea.m bt.)t.tom. .in .ti:ua form éf !.c')'ng., :w.i.sﬁy te;arils. .Pe.z.l.k nut.riénts. 'Ié.v.e.i;s from

these points on Tates Creek gradually decline to background ievels downstream

13



The Tates Creek sewage treatment plant shut down its operations on july 19, 2011 with
marked consequences in terms of both nutrient concentrations and fecal microbe counts.
Nutrient levels throughout the course of the creek dropped to near zero levels {Gig. 1). On the
June 20™ sampling date with corresponded with a large rain even the night before, nutrient
levels increased overall in tributaries, but sites such as immediately downstream of the sewage
treatment plant (SP-d) that peaked well above background levels on dry sampling dates

decreased significantly for all nutrients other than ammeonium, which increased at after rain

events.

Microbe samples collected on May 31 showed counts for total coliform surpassing levels
of 2419.6 cfc/100 mL at all sites upstream of the sewage treatment plant {SP-d) (Fig D1). F. coli
levels were also highest before the sewage treatment plant, and peaked at the areas of the
creek where it passes the Arlington golf course under the I-75 interstate (1-75-u and 1-75-d)
(Figure 1). The run off ditch from the golf course (AC) contains the highest E. coli counts of any
tributary, surpassing 2419.6 cfc/100 mL. immediately downstream from the sewage treatment
plant (SP-d), total coliform counts drop to near zero levels, but spikes back up to 2419.6 cfc/100
mL for bath coliform and E. coli at the next site (ILC-U), where the creek passes through active
pasture land. Fecal coliform counts remain high downstream from this site, and while most of
the tributaries showed counts lower than Tates Creek, several reach counts higher than 2419.6
cfc/100 mL. E. coli counts drop down to counts bellow 500 ¢fc/100 mL past ILC-U with the area

where Tates Creek goes under highway 1156 being the only exception at 613.1 cfc/100 ml.

June 21 sampling counts were elevated for virtually every site along the creek. Nearly

every site was approached or exceeded 2419.6 cfc/100 mL for fecal coliform. E. cofi numbers

14



were generally higher in the trunk stream, where counts often surpassed 2000 ¢fc/100 mi, but

- tributaries counts were significantly higher than in the previous samples.. * - -«
JulyS co't_mt.s agailn show fécéi cc.Jlifo..rm' ﬁhmsb.érs ;u'rg)'éss'ih.g"z..tué.s éfc/ 1'0:0' rf:L_for all

| areas of the t.r.uhk stream andthemajonty of tnbutanesThe o.nfy ea.«':é;.:}t.ic‘).h.s were fhe golf
course run off kAC}, andrun off from r'e's:.ide.htiél' Ebﬁsiﬁg .('SC)., .Cdluhts c.llz'op' Erﬁme&.iategiy after
the se\'&a‘lgeﬂ bla'r.a't:(S.P.—:d'), fmt nof a}; siéﬁiﬁcéﬁtly a$ 6:1 fhe Méy 31‘{ sample E. coli counts remain
high up§treém of the seﬁage. ;"rlzlez.x'tnﬁéht [;Jianf, a'n:.:l a.gai.n .drop. t.d.near.z.é.ro iéﬁeis ét t.h.é
immediate downstrééﬁé site. They then 'rise:again. as they pass 'thr'ou:éh t.h.é.act.ive cow pasture
dowﬁstreérﬁ of tﬁe. bléﬁt (E.I._(.}U).. E. cbﬁ Zc.ou.hts. .a.'re é:gain high f.r.om ﬁ}e.run off from a residential
area on séptic {TCE) és.w'él'.lz és so&ie tribuiér:iés ihét occupy pés.ture lar.:.d: (FCC). Thi.s.sampie date
corresponds with decreased rainfall and less sewage plant aigélﬂargé 'rélét.ivé. to tﬁé .prévious

samples.

" The August 5" sample date was the only time when samples were collected after the
sewage treatment plants went out of operation. Total Coliform counts remained at the
2419.6cfc/100 ml level upstream of the former sewage treatment plant, but does not drop as it
did in the previous 3 sample dates at the immediate downstream of the plant {SP-d}. Counts
remain at this level in all tributaries and the trunk stream until Tates Creek reaches the Kentucky
River (KRC). Overall E. coli counts are lower than the previous three sample dates, but hot spots
do exist. Downstream of the sewage treatment plént {SP-d} has a higher count than previous
dates at 920.8 cfc/100 mi. The area downstream of the sewage treatment plant as the stream
passes through active pasture land {ILC-u} continues-to be at  2419.6¢fc/100 ml levels of E. coli
and the residential areas of (SC} and (TCE) remain at that levei. Another tributary that passes

through active pasture land (BC) contained counts of 2419.6¢f¢/100 mlL.
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Microbial analysis showed high total coliform counts throughout the creek, often
exceeding 2419.6 cfc/100 mL with several hotspots of E. coli. Elevated counts were ocbserved in
samples taken immediately after rain events. Reoccurring hotspots for £. coli were observed at
areas where the creek or its tributaries pass through cattle pastures, particularly at the cattle
field between the sewage treatment plant and the Irvine Lick confiuence {ILC-U) the Baldwin
Confluence {BC). Consistently low counts of E. coli and fecal coliform were observed .
downstream of the sewage treatment plant (SP-D) in relation to counts immediately upstream
(SP-u}. After the sewage plant was shut down, an increased count of fecal microbes occurs
downstream of the plant (SP-d), and high counts for E. coli became more apparent at
downstream sources.increased fecal microbe counts were also observed on sampling dates

immediately after rain events.
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- DISCUSSION

The data _céil:_éi:'t_é_d'_'ir_\d_'ic:;'t:e's thatthemamcontnbuter to n.u.ﬁt_'riérit:_ieye_fs in Tates Creek
was the sewage treatment plant, as all nutrients observed d_gcreasegi _cpn;idera_bly_a_f_ter the
plant’s shutt down. A“ﬁer the w'atér"'ci:i'schlélréed'f;dm thé..se\;vé'ge f.:re'atr'nenui'p.i.ént fiows

| dov.\mst.'re"am, nutrient Ievéls:ldlecrea.se grad.ually'as they a;é d_i_iuteﬁ by__in:_ﬂc.a:w.from. tributaries
and nutrients are utilized by aquatic biota. Rain events served create run_—()ff f_rqr_n various land
uses to increase nutrient levels in tributaries, but at the same time dt!utedthe huch higher

concentrations contributed to the waterway by the sewage'tréafment p!aht.

Microbial data indicates that the sewage treatment plant Wés é:onti’ibuﬁng enough
microbe free water in its discharge to dilute «::bgm; 'd.own to levels lower thé'ri those upstream
from t_hg_ plant. T_he resuts :f.rqm. _t_his are, howgve__r, sh_ort_iivedﬁas. "f_ga_teq Q;e_ek_im_rneg!i;tg;y passes
through an active tattte'ba'stu're oﬁce kéévi'hg:si;;d; at EILC-L)—PSII..Réi'n'fa:H resulted in run-off from
'sur'i.'ounding land uses causing total coliform and Eco!; back groundlevets i:p:._t_t_"ibu't'aries as well
as the _c_ree_k itself to.increa_se. The th_ree hotspots forE .(_:_o[('_qbsg_{y_ed_ t_én A.u._g“u.st 5_th were run off
from a smali pond that may have'beén used by Ea{tie' at s;}riri'e' p:o."mt"(SC), Fun off froma
subdivision dn septic (TCE) and a small tributary tha"t'rl'm.s .t'hrépz_gh Ién_ci ué’e_d for various

livestock (BC).
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APPENDIX A

Nutrient Data
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~ Table A, Nutrient data for Tates Creek stations organized by sampling data. Concentrations are in milligrams per

o liter (mg[L; eguivalent to parts per milifon,orppm). o

31-May-
TR
o [N-NO3] | [NO3] | [N-NH4] | [NH4] | TotalN | [P-PO4] | [PO4]
Sample | mg/L | mg/t | mg/L | mg/t | mg/L mg/L | mg/L
MPK-E |~ 2.7 12.0°| . 00 00 - 27 00" | 01
MPK-W 1.2 53 ] 00 | 00~ 1.2 0.2. 0.5
MP-u 17 76 00 - | 00 1.7 01 .| 03
MP-d 1.3 5.7 0.0 0.0 1.3 .. 00 .| 01
- KCS 0.6 28 1 00 | 00 06 0.0 0.2
[75-u 0.0 0.0 00 -| 00 0.0 00 0.1
AC 038 350 00 | .00 038 0.0 0.0
175-d 0.6 271 00 0.0 0.6 0.0 0.0
SP-u 0.8 33 71 00 0.0 0.8 0.1 0.2
SKC 0.4 1.8 | .. .00 0.0 - 0.4 0.1 0.2
sp-d- 13.6 51.1° 00 | 00 136 . 22 | 71
it-u-PS | 116 43.6 0.2 02 118 1. 16 | 51
WCu 105 | 395 ] 00 | 00 105 .1 .17 5.4
ILC-u-X e fm e S L -
e’ 03 22 00 1 007 03 . 0O .00
ILC -d 8.1 358 | . 00 -1 00 8.1 S1.0° 33
SC 0.5 - 22 00} 00" 05 Soa 02
WC 0.7 31| 00 00| .07 00 | 01
TCE 2.0 9.0 0.0 001 20 ‘01 ] 03
FCC-u 8.6 32.7 0.0 0.0 8.6 1.1 36
FCC 0.8 3.5 0.0 0.0 0.8 0.0 0.1
FCC-d 6.3 24.4 0.0 0.0 6.3 0.6 1.8
CFC-u 9.1 34.5 0.0 0.0 9.1 1.1 3.4
CFC 1.2 5.4 0.0 0.0 1.2 0.1 0.4
CFC-d 6.3 243 0.0 0.0 6.3 0.7 2.3
HBC-u 4.4 19.5 0.0 0.0 4.4 0.6 1.8
HBC-big - - - . - - .
HBC 1.1 5.0 0.0 0.0 1.1 0.1 0.4
HBC-d a4 19.3 0.0 0.0 4.4 0.4 1.4
SEC-u 4.3 18.8 0.0 0.0 4.3 0.6 1.9
SFC 1.3 5.6 0.0 0.0 1.3 0.0 0.1
SFC-d 4.2 18.7 0.0 0.0 a2 0.5 1.7
7.8C-u 3.6 16.1 0.0 0.0 3.6 0.4 1.1
7.8C 1.6 7.1 0.0 0.0 1.6 0.1 0.2
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[N-NO3} {NO3] [N-NH4] {NH4] Total N [P-POA] [PO4]

Sample mg/L mg/L mg/L mg/L mg/L mg/L mg/L
7.8Cd 3.2 14.0 0.0 0.0 3.2 0.4 il
BC-u 3.2 14.1 0.0 0.0 3.2 0.1 0.3
BC 0.9 3.8 0.0 0.0 0.9 0.0 0.1
BC-d 30 13.1 0.0 0.0 3.0 0.3 1.0
BCC-u 2.9 12.9 0.0 0.0 2.8 0.3 0.9
BCC 1.0 4.6 0.0 0.0 1.0 0.1 0.4
BCC-d 5.0 22.1 0.0 0.0 5.0 0.3 0.9
8.9C-u 2.5 11.0 0.0 0.0 25 0.3 0.9
8.9A 1.0 4.2 0.0 0.0 1.0 0.1 0.4
8.9C 0.7 3.0 0.0 0.0 0.7 0.1 0.4
8.9C-d 2.7 11.9 0.0 0.0 2.7 0.3 1.0
STC-u 2.5 11.3 0.0 0.0 2.5 0.3 0.9
STE-r 1.0 4.6 0.0 0.0 1.0 0.1 0.5
STE 1.1 5.1 0.0 0.0 1.1 0.1 0.4
5TW 0.5 2.4 0.0 0.0 0.5 0.1 05
STC-d 2.2 9.5 0.0 0.0 2.2 0.2 0.7
LBC-u 1.8 8.0 0.0 0.0 1.8 0.2 0.7
LBC 0.4 1.6 0.0 0.0 0.4 0.1 0.2
iBC-d 18 3.1 0.0 0.0 1.8 0.2 0.7
1156 0.1 0.4 0.0 0.0 0.1 0.0 0.2
1156 TC 1.4 6.3 0.0 0.0 1.4 0.1 0.4
A% 1.4 6.3 0.0 0.0 i4 0.2 G.5
KRC 1.3 57 0.0 0.0 13 0.2 0.7
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[NO3]

| eoa)

[N-NO3] [N-NH4] | [NH4] | TotalN [pO4]
Sample mg/L. | mg/t me/l | mg/L ‘mg/L ‘mg/fL mg/L.
MPK-E 4.7 . 20.8 00 | 00 ] a7 lpal 0.2
MPK-W 3.2 1437 00 | 00 3.2 01 0.4
MP-u 3.8 16.8 00 | 00 3.8 0.1 0.3
MP-d 2.9 - 12.9 0.2 - 0.2 3.1 0.2 0.5

KCS' 2.1 94 | 01 | 01 22 01 0.4
175-u 3.1 13.9° 0.0 0.0 - 3.1 01 | 03
AC 3.9 1731 00 .| 00 3.9 0.1 0.3
175-d 3.1 1371 . 00 | 00 3.1 0.1 0.3
SP-u 2.7 12.1 0.0 0.0 2.7 0.1 0.3
SKC 4.6 20.2 0.0 0.0 46 0.1 0.2
sp-d 5.9 26.1 2.0 25 7.9 _ 1.0 3.1
IL-u-PS 6.6 29.0 1.4 | 1.8 8.0 08 2.5
ILC-u 6.0 26.6 14 1.8 74 0.8 2.5
JLCu-X - - - - - - -
e - 18 - | 7.8 " 0.0 - 00 1.8 04100 | 02
ILC -d i e - e i .
op 1.0 437 03 04 - 1.3 01 0.3
WC 3.2 14.0 0.0 0.0 3.2 0.1 0.4
TCE 4.2 18.8 0.0 0.0 42 0.1 0.4
FCC-u 5.7 25.2 03 0.4 6.0 0.5 1.6
FCC 1.5 6.5 0.0 0.0 1.5 0.1 0.2
FCC-d 6.6 29.3 0.5 0.6 7.1 0.5 1.6
CFC-u 5.4 24.0 0.3 0.3 5.7 0.5 1.6
CFC 1.2 5.3 0.2 0.2 1.4 0.1 0.4
CFC-d 5.3 23.4 0.3 0.3 5.6 0.5 1.5
HBC-u 5.0 221 0.3 0.4 5.3 0.5 1.4
HBC-big 1.0 4.6 0.0 0.0 1.0 0.1 0.3
HBC 1.1 4.9 0.3 0.4 1.4 0.1 0.4
HBC-d 5.2 23.1 0.1 0.1 5.3 0.4 14
SFC-u 5.2 23.2 0.3 0.3 5.5 0.5 1.5
SFC 2.5 10.9 0.3 0.3 2.8 0.1 0.3
SFC-d 5.0 22.2 0.3 0.3 5.3 0.4 1.4
[N-NO3] | [NO3] | [N-NH4] | [NH4] Total N [p-PO4} | [PO4]
Sample mg/L mg/L mg/L mg/L mg/L mg/L mg/L
7.8C 1.5 6.4 0.7 0.8 2.2 0.1 0.4
7.8C-d 4.2 18.5 0.3 0.3 4.5 0.3 1.0
BC-u 4.1 18.1 0.2 0.2 43 0.4 1.2
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BC 1.0 4.3 0.0 0.0 1.0 0.1 04
BCd 5.2 23.1 0.3 0.3 5.5 04 1.2
BCC-u 4.1 18.2 0.0 0.0 4.1 0.3 10
BCC 0.8 3.7 0.0 0.0 0.8 0.3 0.9
BCC-d 5.1 22.6 0.2 0.3 53 0.4 11
8.9C-u 4.5 20.1 0.2 0.2 4.7 0.4 1.2
8.9A - - - - - - -
8.9C 11 4.7 0.2 0.2 1.3 0.1 0.4
8.9C-d 4.0 17.8 6.0 0.0 4.0 0.3 1.0
STC-u 45 20.0 0.0 c.0 4.5 0.4 13
STE-r 09 4.0 0.0 0.0 0.8 0.1 6.5
STE 2.6 11.6 0.0 0.0 2.6 0.1 6.4
STW 1.0 4.5 0.0 0.0 1.0 0.1 0.4
STC-d 4.0 17.8 0.0 0.0 4.0 0.3 0.9
LBC-u 3.8 16.9 0.2 0.2 4.0 0.3 10
LBC 0.2 0.8 0.2 0.2 0.4 0.1 0.4
LBC-d 2.5 11.2 0.1 0.2 2.6 0.2 0.8
1156 - - - - - - -
1156 7TC 2.9 13.0 0.0 0.0 2.9 0.3 11
Vv 0.6 2.8 0.0 0.0 0.6 0.1 0.3
KRC 05 2.2 c.0 0.0 0.5 0.0 0.1
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Pl

| IN-NO3] | [NO3] | [N-NH4] | [NH4] | TotalN [PO4]
Sample mg/L mgli. mg/l. ‘mg/t|  melt . mg/l. | mg/L
MPK-E 1.8 79 | 07 | 1.0 25 01 | 03
MPK-W 1.8 7.9 - - - 02 | 05
MP-u 21 a5 0.9 1.2 3.0 02 | 05
MP-d 0.8 ° 3.6 06 | 08 14 01| 03
KCS 0.7 3.0 03 | 04 1.0 01" 0.3
175-u 04 .70 01 ] 01 0.5 00 0.1
AC 2.0 8.7 0.3 0.4 23 00 | 01
{75-d 0.7 3.0 0.4 . 0.5 11 0.0 | 01
SP-u 1.0 46 | 03 | 04 1.3 0.1 0.3
SP-d 10.6 470 | 46 | .59 15.2- 10 3.2
JL-u-PS 11.8 - 52.2 3.4 4.3 15.2 08 2.5
ILC-u 125, | 554 34 | 43 15.9 08" 2.4
LC-u-X - - - - JEam -
ILC 1.8 | 807 06 | 08 - 247 0.1 0.2
ILC -d 94 | 416 | . 43 55} . 137" 06 1.9
SC 0.2 11 02 ‘0.3 0.4 0.0 0.1
WC 0.7 2.9 0.0 0.0 07 0.0 0.1
TCE 3.3 14.5 0.7 0.9 4.0 0.2 0.5
FCC-u 8.8 39.0 1.3 1.7 10.1 0.5 1.7
FCC 3.5 15.3 0.0 0.0 3.5 0.1 0.4
FCC-d 7.6 33.6 1.5 1.9 91 0.5 1.6
CFC-u 6.3 27.7 1.0 1.3 7.3 0.5 1.6
CFC 0.1 0.7 0.3 0.4 0.4 0.0 0.1
CFC-d 7.3 32.2 1.3 1.7 8.6 0.5 1.6
HBC-u 5.2 232 0.3 0.3 55 0.3 0.9
HBC-big 0.6 2.6 0.1 0.1 0.7 0.1 0.2
HBC 0.3 1.2 . - - 0.1 0.3
HBC-d 5.4 23.8 0.9 1.1 6.3 0.3 1.0
SFC-u 5.9 26.2 0.6 0.8 6.5 - -
SFC 0.6 2.8 0.2 0.2 0.8 0.1 0.3
SFC-d 5.7 25.1 0.9 1.2 6.6 0.3 1.0
7.8C-u 5.4 23.8 0.8 1.0 6.2 0.4 1.2
7.8C 0.5 2.3 0.0 0.0 0.5 0.1 0.3
BC-u 6.1 27.2 0.6 0.8 6.7 0.3 1.0
BC 0.4 1.7 0.8 1.0 1.2 0.1 0.2
BC-d 6.9 30.5 0.2 0.2 7.1 0.4 1.2
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[N-NO3] | [NO3] | [N-NH4] | [NH3] | TotalN [Pl [PO4]
Sample mg/L mg/L mg/L mg/L mgfL mg/L mg/L
BCC 0.3 1.2 0.6 0.8 0.9 0.1 0.4
BCC-d 6.9 30.5 1.0 1.2 7.9 0.5 16
8.9C-u 8.1 36.0 0.8 1.1 8.9 0.5 1.6
8.9A - - . N ; - -
8.9C - - - ; _ ) -
8.9C-d 8.8 38.8 0.6 0.8 94 0.5 1.7
STC-u 81 36.0 0.2 0.3 8.3 Q.5 16
STE-r 1.1 4.7 0.3 0.4 1.4 0.1 0.2
STE 5.5 245 2.1 2.7 7.6 0.3 0.3
STW - - - - - - -
STC-d 6.9 304 1.1 1.5 8.0 0.5 1.6
LBC-u 10.4 46.1 0.0 6.0 104 0.5 1.5
LBC c.2 1.0 1.1 14 1.3 0.0 0.1
LBC-d 11.0 48.6 1.0 1.2 12.0 0.4 1.2
1156 - - - - - - -
1156 TC 8.1 35.9 0.3 0.4 8.4 0.2 0.7

Vv 4.0 17.6 0.1 0.1 4.1 0.2 0.6
KRC 0.4 1.7 - - - 0.0 01
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5-Aug-11

Total N

[}

[N-NO3] | [NO3]'{ [N-NH4] | [NH4]: [po4}
Sample mg/L mg/L | mg/L | mg/L mg/L mg/L mg/L
MPK-E 00 0.0" 00 | 00 - 0.0 0.0° | 01
MPK-W 0.0 00 | . 00" 0.0 0.0 01" 0.2
MP-u 0.0 0.0 0.0 0.0 0.0 0.0 0.1
MP-d 0.0 0.0 00 | 00 0.0 00" 0.1
KCS 00 00 | .00 | 00 0.0 01 0.2
175-u 0.0 0.0 0.0 0.0 0.0 0.1 0.2
AC 0.7 29 0.0 0.0 0.7 - 0.1 0.4
175-d 00 | 00 0.0 0.0 - 0.0 01" 0.4
$P-u 0.0 0.0 0.0 0.0 0.0 0.2 0.6
SKC . - - - . 0.0 0.1
sP-d 0.0 0.0 0.0 0.0 . 0.0 0.2 0.5
iL-u-P$ 0.0 0.0 0.0 00 | . .00 0.2 0.7
ILC-u 0.0 0.0 0.0 0.0 0.0 03" 1.0
ILC-u-X - - . - S B -
ILec 0.0 0.0 - 0.0 0.0 00 01 0.2
e -d 0.0 0.0 0.0 0.0 0.0 0.4 1.1
SC 0.0 - 0.0 00 | 001 00 01 0.2
WC 0.0 0.0 0.0 0.0 0.0 0.1 0.2
TCE 0.0 0.0 0.0 0.0 0.0 0.1 0.4
FCC-u 0.4 1.9 0.0 0.0 0.4 0.6 1.8
FCC 0.0 0.0 0.0 0.0 0.0 0.2 0.5
FCC-d 0.0 0.0 0.0 0.0 0.0 0.5 1.6
CFC-u 0.0 0.0 0.0 0.0 0.0 0.6 1.8
CFC 0.0 0.0 0.0 0.0 0.0 0.2 0.5
CFC-d 0.0 0.0 0.0 0.0 0.0 0.7 2.1
HBC-u 0.0 0.0 0.0 0.0 0.0 0.5 1.7
HBC-big 0.0 0.0 0.0 0.0 0.0 0.1 0.4
HBC . - - - - 0.0 0.1
HBC-d 0.0 0.0 0.0 0.0 0.0 0.6 1.9
SEC-u 0.0 0.0 0.0 0.0 0.0 0.6 1.9
SFC 0.0 0.0 0.0 0.0 0.0 0.2 0.5
SFC-d 0.0 0.0 0.0 0.0 0.0 0.2 0.7
7.8C-u 0.7 3.1 0.0 0.0 0.7 0.3 1.0
7.8C 0.0 0.0 0.0 0.0 0.0 0.2 0.5
7.8C-d 0.0 0.0 0.0 0.0 0.0 0.4 1.2
BC-u 0.4 1.9 0.0 0.0 0.4 0.3 1.1
- BC 1.0 4.4 0.0 0.0 1.0 0.1 0.3
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[N-NO3] INO3] [N-NH4] iNH4] Total N [P} {ro4]

Sample mg/L mg/L mg/fL mg/L mg/L mg/L mg/L
BCC-u 0.0 0.0 0.0 0.0 0.0 0.3 1.0
BCC 0.0 0.2 0.0 0.0 0.0 0.1 03
BCCd 0.3 1.2 0.0 0.0 0.3 0.4 1.2
8.9C-u 0.0 0.0 0.0 0.0 0.0 0.4 11

8.9A - - - - - 0.0 0.1
8.9C - - - - - 0.0 0.1
3.9Cd 0.0 0.0 0.0 0.0 0.0 04 1.1
5TC-u 0.0 0.0 0.0 0.0 0.0 04 11
STE-r 0.0 0.0 0.0 0.0 0.0 0.1 0.5

STE 0.0 0.0 0.0 0.0 0.0 0.1 05 -

STW 0.0 0.0 0.0 0.0 0.0 0.2 0.5
STC-d 0.0 0.0 0.0 ¢.0 0.0 04 11
LBC-u 0.0 0.0 0.0 .0 0.0 0.3 1.0
LBC 0.0 0.0 0.0 0.0 0.0 0.0 0.1
LBC-d 0.0 0.0 0.0 0.0 0.0 0.3 1.0
1156 - - - - - 0.0 0.1
1156 7C 0.0 0.0 0.0 0.0 0.0 0.3 1.0
\'AY - - - - - 0.0 0.1
KRC 0.0 0.0 0.0 0.0 0.0 0.1 0.2
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Table A. Microbe count data for Tates Creek stations organized by sampling date. Units are in colony-forming units
per 100 milliliters {cfc/100 mL).

M -Msy-‘ﬁ 20-Jun-11 TJul-11 S-Aug-11
Total Coliform £ coif TFotal Coliform E. coll Total Collform E. coli Totat Coliform E coff
Count Count Count Count Count Count Count Count
__mls fefe £ 100 mL} {cfc 1 300 mL) {cfc /100 mL) {cfc ! 100 mL) {cfc 1 100 mwmm {ckc 1100 mi)
MPK-E . - =2419.6 14136 »2419.6 »2419.6 >2419.6 »2419.6
MPK-W >2419.6 344.8 >2419.8 1203.5 >2419.6 >2419.6 >2418.6 313
MP-y >2419.6 727 »2418.6 >2419.6 >2419.6 2419.6 >24196 4352
MPd >2419.6 &7 >2418.6 148.3 >2419.6 5784 >2419.6 254
KCS »2413.6 1298.1 >2419.6 17328 24186 >2418.6 =24196 365.4
51 >2418.6 1732.8 >2419.6 2419.6 >2419.6 >2418.6 >2419.6 5.8
AE >2418.6 24186 »>2419.6 17329 648.8 369 >2419.6 1528
i75-d >2419.6 17329 - - - - - -
SP-u >24196 208 1886.3 47329 >2418.6 >2419.6 >2419.6 1203.3
SHKC 2419.6 3968 >2415.6 >2419.6 - - - -
SP-d <1 <1 =2415.6 648.8 1533.1 74.8 »>2419.6 5208
L-u-PS >24196 2419.6 >2419.6 >2419.6 >2419.6 261.3 >2419.6 2419.6
ILC-u 19.1 11.9 >2419.6 >24196 >2419.6 325.5 >2419.6 360.9
ILC-u-X 589 50.5 - - - - - "
.c >24196 35 >2419.6 11199 >2419.6 1732.9 - -
ILC ¢ 156.7 120.5 - - - - - -
8c 0 0 24195 7915 1289.7 214.3 >2419.6 >2419.6
WG 202.2 185.2 >2418.6 >2419.6 >2419.6 547.5
TCE 870 188.2 >2418.6 >2419.6 >2415.6 >2419.6 >2419.6 >2419.6
FCG-u 4833 145.5 >2419.6 1732.9 >2419.6 547 5 >2419.6 2142
FCC >2419.6 156.5 >2419.6 4811 >2419.6 »2419.6 >2419.6 727
FCCd 275 7.3 - - - - - -
CFC-u 89.7 281 »2419.6 648.8 >2419.6 1553.1 >24196 185
CFC »2418.6 435.2 >2419.6 238.2 >2419.6 16631 >2419.6 151
CFC-d 7.5 7.5 - - - - - -
HBC1 24186 $04.3 >24186 648.8 >2415.6 24186 >2415.6 18
HBC-big - - >24198 1187 >2414 6 1269.7 >2419.6 §79.4
H8C 2419.6 238.2 >24186 344.8 >2419.6 G4B8.8 - -
HBC-g 17.5 13.5 - - . - - -
SFC-u >2419.6 40.3 »>2419.6 1119.9 2419.6 1289.7 >24196 10
SFC 2419.6 166.4 >2419.6 >2418.5 >24196 341 >2419.6 241.5
SFC-d >Z2419.6 48.8 - - - - - =
7.8C-u »2419.6 48.3 >2419.6 1732.9 >2419.5 >2419.6 »>2419.6 11.8
7.8C >2419.6 285.% =2419.6 980.4 1966.3 143.9 >2419.6 $17.2
7.8C-d >2419.6 354 - - - - - -
BCw >2419.6 481 >2419.6 24196 >2419.6 1288.7 24198 51
BC 24188 585 =2415.6 579.4 >2419.6 42 »2419.6 >2419.6
BC-d >2419.6 49 - - - - - -
BCC-u >2419.6 a7 »2419.6 1886.3 »2419.6 B8686.4 24196 t44
BCC >2419.6 724 »2419.6 1732.9 »2419.6 231 24196 517.2
BCC-& >2418.8 337 - - - - - -
8.9C-u 24156 307 >2419.6 1886.3 >2419.6 344.8 »>2419.6 2.8
5.9A 56.2 29.6 - - - - - -
8.8C 2419.6 111.6 2418.5 5172 - - - >
8.9C-d >24196 373 - - - - - -
STCu 8.2 4.1 >2419.6 17328 24148 166.4 >243G.6 15.8
STE+ >2419.6 1723 - - >2419.8 2254 >2419.6 3654
STE 315 9.4 =24196 7.6 >24196 12897 24196 51.3
STW 980 4 122.3 1886 3 410.6 - - - hd
STCd >2419.6 50.4 - - - - - -
LBC-u >2419.6 68.7 >2419.6 2919.6 24196 260.9 >2418.6 238
LBC 12033 56.5 1732.9 3656 >2419.6 155.3 1209.7 771
iBCd >2418.6 A45.2 - - - - - -
1156 309.4 67 - - - - - -
1156 TC 2419.6 6131 >2419.6 >2418.5 >2419.6 866.4 >2419.6 13C.1
wW >24196 93.5 >2419.6 12033 »2419.68 980.4 ~ -
KRG e DAY GG o ] 156.5- A BEE e ] QB G e A e | e ] QA |
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and microbe counts
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Tates Creek - N as NH, - 21 June 2011
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Tates Creek - N as NH, - 5 July 2011

Ifflﬁflv[f;’.'.( f

n o MmN - O

o) |

AA

J1 9511
9SIT
P21
281
n-Dal
p-2l1s
NUS
s
peOl -31S
n}l1s
P68
J6'8
n-36°8
P08
e ]
apdas saoge g'8
nR-209
P08

J8

24
pogL
8L
n-3g°¢
P-J4S

o =1
Lige = Y
P28H
28H
319084
n-J4H
P24
D
N340
P-224
204
8224
L

IM

a5

P-O1
o]
n-y7m
augay dn
prds
NS
n-ds
20874
o)
n-ofl
SO%
P-dIN
n-dw
M UoHIN
3 UOljA

Station

34



Tates Creek - N as NH, - 5 August 2011
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Tates Creek - Phosphate - 31 May 2011

7
o
=~

S t) !

AA
219571
95tt
041
281
n-281
pP-21S
MIS
is
peol-13]S
n-21s
p-6'8
06'8
n-36g¢
p-208
208
511dos anoge '8
n-008
p-08

;|

n-oa
p-28°L
o8L
8L
P-245
245
n-24%
P-28H
J8H
ig-DaH
n-28H
P-240
240
=342
P-224
24
n-30d
Eiell

-1
aundj dn
p-ds

o)

n-ds
Pt

o)/

n-q/|
)|
P-diN
n-4in

M UOHIEN
3 UOI{HA

- . Mo ™

oq L) < ~ o

36

U



Tates Creek - 'Phasphate - 21 June 2011
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Tates Creek - Phosphate - 5 July 2011
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Tates Creek - Phosphate - 5 August 2011
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Tates Creek - N as Nitrate - 31 May 2011
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TATES CREEK - N as Nitrate - 21 June 2011
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Tates Creek - N as NH, - 31 May 2011
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Tates Creek - Total Coliform Counts - 31 May 2011
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Tates Creek - E. coli Counts - 31 May 2011
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Tates Creek - Total Coliform Counts - 21 June 2011

3000
2500

{

i
||| ;
H
¢

|

1500
500
0

Q@
=]
L

2000

ot} |

AA
JL95T1
951Y
p-o81
81
n-ag1
P-21S
MIS

318

peol 31s
n-318
PJ6'8
Je'e
andas anoge g°g

=

uvone}s dwnd 73 sdn

P-ds
Nis
n-ds
p-sil

n-diN
M- 3id Uoiitin
8- 3d UolliN

Station

i
i
|
i
i
1
H
i
i
I

46



Tates Creek - E. coli Counts - 21 June 2011
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Tates Creek - Total Coliform Counts - 5 July 2011
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Tates Creek - E. coli Counts - 5 July 2011
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Tates Creek - Total Coliform Counts - 5 Aug 2011
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Tates Creek - E. coli Counts - 5 August 2011
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