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Dr Lisa Avery, Dr Eulyn Pagaling, Dr Adam Wyness			                        March 2017

Exploring water DNA: Our strategy for exploiting the National Waters Inventory for Scotland DNA archive
Summary:
Building on existing SEPA sampling from primarily end-of catchment sites across Scotland, the James Hutton Institute added value through the application of a range of additional and novel analyses. One key aspect of the work including enumeration of faecal indicator organisms (FIOs) which are not normally measured on these samples, and of particular novelty, extraction and archiving of DNA for subsequent interrogation by molecular techniques. DNA quantity did not correlate with FIO counts. This is not particularly surprising as DNA quantity reflects microfauna from healthy environments as well as more polluted waters. Archived DNA quality and quantity have been evaluated and the majority of samples are deemed appropriate to carry out the following initial analyses, in order of priority: Microbial source tracking with initial analyses based on Bacteroidales; detection of selected antimicrobial resistance genes, next generation sequencing of the 16-S gene to explore microbial diversity and finally detection of key bacterial pathogens likely to include toxigenic E. coli, Campylobacter, Salmonella, Clostridia and Mycobacterium avium paratuberculosis (causative agent of Johne’s disease).
A brief introduction to NWIS:
National waters inventory Scotland provides a national baseline study of the state of Scotland’s water resource which is required to understand resilience to the accumulating catchment pressures of delivering national objectives for food and renewable energy production, water supply for people, ecology and industry. Scientists from the James Hutton Institute built upon existing SEPA freshwater sampling and analysis, combining powerful analytical tools to build a picture of the state of our water resource. We have corresponding catchment and land use data and analyses focused on basic to advanced water physico-chemistry and microbiology.
Microbiological and Molecular Biological aspects of NWIS
A subset of NWIS samples were analysed for faecal indicator organisms (FIOs - total coliforms and E. coli) using the IDEXX colilert MPN method. Samples were analysed as soon as possible on receipt at the James Hutton Institute, however usually there were significant delays in the order of several days. This was unavoidable given the nature of the sampling programme, therefore some practical work was carried out to allow us to predict the original numbers of FIOs from those measured several days later at the time point when samples were analysed. Broadly, there was little change over ~ 4 days of sample storage but notable declines beyond this period. Modelled data as well as raw data are retained within our NWIS databases.
DNA was also extracted from a subset of NWIS samples (all of which had already been analysed for FIOs). To date, 207 samples have been extracted. These samples were selected to fall within a storage time cut-off of ~ 4 days and where possible from sites that a number of samples to give temporal variability. The chosen sites provide a good coverage of different land uses, although they do not provide particularly good geographical coverage of the whole country (due to the fact that more southern sites generally had a greater storage time and were therefore excluded). The extracted DNA forms the “NWIS DNA archive”. Raw water samples have not been discarded to date, however and remain in frozen storage.  For the archived samples, DNA quality was determined by the NanoDrop 1000 (Thermo Fisher Scientific Inc., UK) and quantified using the Qubit dsDNA High Sensitivity kit (Invitrogen, UK).  DNA was eluted in 100 µl. A small volume was required for quantification and quality analysis and a small volume inevitably irrecoverable. DNA concentrations have not been normalised therefore this would likely be required prior to any analysis. The remainder has been archived and for most samples, 4 x 20 µl aliquots are currently stored at -80˚C.
DNA degrades over a relatively short time period even when frozen, therefore it is important to utilise these samples as soon as possible (ideally within the early part of the current RESAS programme).  However, they are a limited resource and as such decisions on how to maximise their usefulness form a key early deliverable for WP 1.2.1 (RESAS SRP 2016-21).
A preliminary analysis of the DNA quality and quantity data yielded the following summary information:
DNA quantity: The lower end of the concentration range is  < 1 ng/ µl. Nine samples fall into this category and are potentially too low a DNA concentration to yield a PCR product i.e. may be unsuitable for further analysis. The remaining 198 samples can be taken forward for further analysis but we may experience difficulties in amplifying particular gene products in low end concentrations. We note that 10 ng DNA is commonly required for Q-PCR analyses. This would typically be achieved by using 5 µl of a concentration of 2 ng/ µl. We note that 17 of the samples in the archive have less than 2 ng/ µl and are likely to be problematic for Q-PCR and therefore may be excluded from AMR, source tracking and pathogen analyses. Whether or not these samples can be used for sequencing depends on the platform used as some require a minimum of 5 ng DNA.
DNA quality: This was determined based on DNA sample absorbance ratios at 260/280 nm and 260/230 nm. A 260/280 ratio of ~1.8 is generally accepted as “pure” for DNA and a lower ratio commonly indicates the presence of contaminants. The 230/280 ratio is a secondary measure of purity, commonly around 2, but this is influenced by pH. Environmental samples typically have a much wider range of ratios. Over 60% of the extracted samples had a 260/280 ratio between 1.5 and 2, indicating good (environmental) DNA quality. The ratios of 230/280 were generally very low. This indicates presence of humic acids, proteins and polysaccharides as contaminants which are common in environmental samples. A common approach is to “dilute out” these contaminants when performing PCR amplification. Visualisation of ethidium bromide-stained DNA run on agarose gels was carried out for all samples. Where concentrations were high enough to visualise (EtBr is not particularly sensitive), there was usually a degree of smearing which can indicate degradation of DNA (some is expected due to sample freezing) but most showed a substantial amount of high molecular weight DNA which indicates sufficient intact DNA for subsequent testing.
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An example gel from NWIS DNA archive. Strong bands at the top of lanes 2-9 indicate high MW DNA.



There was no significant relationship between either E. coli or coliforms with DNA quantity. This is perhaps not surprising, since there will be some trade-off between inputs of DNA from sources of pollution (e.g. farm run-off, wastewaters, soil erosion) and healthy populations of indigenous micro (and macro) flora in less polluted waters.


Proposed Analyses:
The proposed analyses are as follows, in order of priority:
1. Microbial source tracking test based on Bacteroidales (as per review of “best practice” source tracking methodologies (D2.2i) (Generic Bacteroides Q-PCRs run on all extracted samples demonstrate a generally high rate of detection).
2. Detection of antimicrobial resistance genes. This is particularly topical and we anticipate that AMR genes, because they are present across a wide range of bacterial species, are likely to be sufficiently abundant for detection by Q-PCR provided we are not attempting to detect rare AMR genes. This work links with detection and modelling of AMR in the environment in WP 2.2.6 and 3.1.3 (where work focusses more on soils and organic amendments) and to ensure continuity, the final selection of AMR genes to detect and Q-PCR methodology will be defined by methods developed in these work packages (by Karen Scott, RINH). However, the intention is to select representatives of two key classes of AMR gene such as B lactams (primarily human usage) and Tetracyclines (primarily animal usage).
3. 16S rRNA gene “shallow”  Next Generation Sequencing. This will allow us to evaluate microbial diversity across the archive samples, which can provide important ecological and functional information but critically also underpins the AMR detection work above. AMR are present in pathogens and non-pathogens and this sequencing approach, while likely not to account for rare species, would provide information relating to the presence of particular groups and species which provides excellent background information against which to understand AMR prevalence. All extracted samples have been prepared and submitted for sequencing.
4. Key pathogens. If sufficient DNA is leftover after the previous analyses, we will select samples containing medium to high numbers of FIOs to screen for pathogens. This is justified in that where FIO loads are low, few pathogens are likely to be present and are likely to be more difficult to detect. Seventy-six of the extracted samples had >500 E. coli/100 ml (which, for context, is the bathing water standard for inland waters; Bathing Water Regulations, 2013). Forty-one extracted samples were >1000 E. coli /100 ml (limit of “good” standard for inland bathing waters).  If medium to high FIO samples yield useful data we will analyse the 76 >500 E. coli samples for pathogens.
We plan to focus on a range of pathogens of differing environmental survival characteristics and providing a range of human and animal health issues. These include: toxigenic E. coli (stx genes – pathogenic E. coli demonstrated to behave differently to non-pathogenic strains; complements work in 2.2.6/3.1.3); Clostridium species (range of human and animal diseases; C. perfringens also used as an FIO; limited data on Clostridia in the environment, spore formers therefore robust survival); Campylobacter and Salmonella as key zoonotic pathogens with environmental transmission routes (complements work in WP 2.2.6 and 3.1.3); Mycobacterium avium paratuberculosis (causes Johne’s disease in cattle; complements WP 2.2.3 detection of MAP in soils). Sampling approach was not suited to Protozoa, however there would be potential to detect viruses. Norovirus and HepA which are pertinent to wastewater sources are RNA viruses and cannot be detected within a DNA based archive. Furthermore, viral DNA may degrade more readily outside a host, therefore we consider that the most effective use of the DNA archive for pathogen detection will be based around bacterial pathogens.
The overarching research questions to be addressed through the analysis of the NWIS DNA archive include:
1) how land use characteristics and other water characteristics influence i) the spatial and (to a degree) temporal distribution of AMR genes and pathogens; ii) microbial diversity 
2) Whether molecular source apportionment approaches reflect land use characteristics of source catchments 
3) How source apportionment findings relate to pathogen and AMR prevalence and microbial diversity
4) How standard FIO measurements relate to land use, pathogens, AMR genes, microbial diversity and molecular source tracking methods.
E. coli
E.Coli/ 100mls	2.167317334748176	2.7411515988517849	4.0827494767272814	2.7675268994083821	2.7792356316758635	2.9947569445876283	2.8530895298518657	4.0804100071556366	2.388278863459639	3.4394905903896835	1.6693168805661123	1.550228353055094	2.2237554536572413	1.8494194137968993	0.47712125471966244	0.3010299956639812	1.9986951583116557	1.0211892990699381	0	1.5728716022004801	1.2329961103921538	0.3010299956639812	0.92941892571429274	3.3674491072686044	3.8368302864888788	2.8750612633917001	3.3310221710418286	4.162594274442422	3.344981413927258	1.4409090820652177	1.8692317197309762	1.9344984512435677	2.1643528557844371	1.7242758696007889	1.4313637641589874	2.1335389083702174	1.7993405494535817	0.3010299956639812	1.9912260756924949	1.0413926851582251	2.0881360887005513	3.3629534589442853	3.7412304110254708	2.2966651902615309	2.4448251995097476	1.2041199826559248	2.503790683057181	3.3729120029701067	2.5514499979728753	0	0.3010299956639812	2.419955748489758	2.3364597338485296	0.61278385671973545	2.4149733479708178	2.3838153659804311	2.9242792860618816	0.47712125471966244	2.2013971243204513	2.3364597338485296	2.7466341989375787	2.5616975326539935	2.5616975326539935	2.0374264979406238	1.5797835966168101	1.9127533036713229	1.9025467793139914	1.505149978319906	2.0211892990699383	2.5010592622177517	2.2380461031287955	2.1348143703204601	1.8633228601204559	2.0629578340845103	3.0392157659039505	2.0314084642516241	1.9084850188786497	1.9025467793139914	0.77815125038364363	0.77815125038364363	2.3324384599156054	1.6434526764861874	1.8356905714924256	1.5118833609788744	0.61278385671973545	1.1613680022349748	1.2900346113625181	1.1583624920952498	2.4756711883244296	2.7655195430979527	3.1763806922432702	3.0788191830988487	2.6242820958356683	2.4668676203541096	2.6821450763738319	2.4969296480732148	2.6963563887333319	2.3598354823398879	2.7176705030022621	2.2695129442179165	2.3541084391474008	2.0453229787866576	1.9084850188786497	2.2041199826559246	2.1055101847699738	1.833784374656479	2.089198366805149	0.6020599913279624	1.515873843711679	2.4079005401426352	1.507855871695831	1.1583624920952498	3.1914789604435998	1.4048337166199381	2.5138831856110926	3.0762762554042178	2.6821450763738319	2.5622928644564746	2.3979400086720375	2.7458551951737289	3.1129399760840801	2.7611758131557314	2.8438554226231609	0.70757017609793638	1.5728716022004801	0.77815125038364363	0.78532983501076703	2.0989896394011773	2.9827233876685453	2.7315887651867388	4.0827494767272814	2.8312296938670634	2.782472624166286	2.7745169657285498	3.0877814178095422	2.6541765418779604	2.6222140229662951	2.6144753660903954	2.5390760987927767	2.2455126678141499	3.0464951643347082	2.0453229787866576	2.2068258760318495	1.6627578316815741	2.6180480967120925	2.6242820958356683	2.4906606533561368	0	2.00774777800074	1.7176705030022621	2.4976206497812878	3.8128799480900559	2.7032913781186614	2.2013971243204513	2.2851070295668121	2.1258064581395271	2.3926969532596658	1.9633155113861114	1.9956351945975499	1.6232492903979006	2.1972805581256192	2.3053513694466239	2.0863598306747484	3.1451964061141817	4.1138765326310525	3.2219355998280053	4.2129595890367364	3.2960066693136723	4.0147304950017535	4.0617728039034313	2.8926510338773004	2.3873898263387292	2.9916690073799486	4.1526246394476187	3.0170333392987803	2.8756399370041685	3.1646502159342966	3.0378247505883418	3.5718252490408289	3.1705550585212086	2.3873898263387292	3.0655797147284485	2.7168377232995247	3.079543007402906	2.7168377232995247	2.6454222693490919	2.6757783416740852	2.9916690073799486	2.7411515988517849	2.8561244442423002	3.3948017771627108	3.8615941446438651	4.1503572579985191	2.9138138523837167	2.4927603890268375	2.5065050324048719	2.9025467793139912	2.9745116927373285	2.5301996982030821	2.5138831856110926	2.9698816437465001	2.9698816437465001	2.5786392099680722	1.7160033436347992	2.167317334748176	2.8095597146352675	3.1914510144648953	2.7032913781186614	7.7499999999999999E-2	3.125E-2	0.91500000000000004	3.125E-2	0.79500000000000004	0.95	0.89	3.125E-2	1.18	0.73499999999999999	1	0.79	0.46700000000000008	0.74	0.39	7.2999999999999995E-2	0.35	8.8499999999999995E-2	0.17041095890410959	0.19013698630136985	0.313	0.20399999999999996	0.19750000000000001	3.125E-2	2.25	2.5499999999999998	2.6	1.8875	7.0499999999999993E-2	0.69019607843137254	0.21749999999999997	0.69499999999999995	0.56470588235294117	0.61	0.56999999999999995	0.72499999999999998	1.2625	0.90000000000000013	2.4624999999999999	1.9375	1.5625	0.91	1.06	0.43375000000000002	0.83	0.94857142857142851	0.48125000000000001	0.96	0.69	0.79500000000000004	2.375	0.48125000000000001	0.84	1.25	0.505	0.22750000000000001	1.1299999999999999	1.5	0.41625000000000006	1.2450000000000001	0.37375000000000003	0.63119999999999998	0.95733333333333326	0.33900000000000002	0.81499999999999995	0.64	1.21	1.7857142857142856	0.98999999999999988	3.9	2.1759999999999997	0.505	0.97	0.79	0.83499999999999996	1.0349999999999999	1.04	0.47949999999999998	0.90000000000000013	1.46	0.64	0.46750000000000003	0.59	0.68	0.32300000000000001	0.83499999999999996	0.78	0.46875	1.6500000000000001	0.61499999999999999	1.2050000000000001	4.3066666666666666	0.90500000000000003	0.89	1.0197183098591549	1.06	1.625	1.7124999999999997	1.2875000000000001	0.35849999999999999	0.86582278481012653	0.56000000000000005	0.47699999999999998	0.86	0.2545	0.32455696202531648	0.93999999999999984	0.50632911392405067	0.23125000000000004	0.2	0.55500000000000005	0.62	0.45250000000000001	0.56103896103896111	0.99500000000000011	0.68	0.41625000000000006	0.13	0.18124999999999999	0.57999999999999996	0.52	0.29125000000000001	0.64	1.085	0.45161290322580649	0.44500000000000001	0.93500000000000005	0.94683544303797473	0.17374999999999999	0.41625000000000006	1.1000000000000001	0.36774193548387102	0.26	0.32500000000000001	1.5249999999999999	0.46500000000000002	0.31	0.74399999999999999	0.69499999999999995	0.40999999999999992	0.91999999999999993	0.87500000000000011	1.125	0.45250000000000001	3	0.94500000000000006	0.505	0.1575	0.88	0.91999999999999993	0.98999999999999988	0.90000000000000013	1.155	1.2625	0.67500000000000004	1.72	0.66133333333333333	1.425	0.79500000000000004	0.96	0.83	2.9866666666666668	1	1.9375	2.75	1.8124999999999998	2.375	2.625	6.1749999999999998	7.6	1.3	1.1950000000000001	1.4	2.125	1.375	2.85	3.1749999999999998	1.6125	2.0750000000000002	2.7	0.45750000000000002	0.67	0.91999999999999993	0.94500000000000006	1.7124999999999997	1.8374999999999999	6.6500000000000004E-2	0.74	1.375	1.2450000000000001	2.08	1.145	1.6125	0.72000000000000008	0.83	0.46750000000000003	0.37624999999999997	1.1039999999999999	0.30375000000000002	1.825	3.64	6.166666666666667	1.3599999999999999	2.9	2.6	1.4750000000000001	2.4750000000000001	2.7749999999999999	E. coli / 100 ml filtrate (log10 CFU (y + 1))
DNA yield (ng/ 100 ml filtrate)
Coliforms
E.Coli/ 100mls	3.2518814545525276	3.8128799480900559	4.0827494767272814	3.4127964287165433	3.3126004392612596	3.4638929889859074	3.7876021461823375	4.3837615244841661	2.8382192219076257	3.868115205327217	2.4171394097273255	1.9513375187959177	2.73917663191073	2.5639554649958129	1.4393326938302626	1.7641761323903307	2.2132520521963968	2.5138831856110926	1.8808135922807914	2.73917663191073	1.8280150642239767	1.8615344108590379	1.6693168805661123	4.4148814682658735	4.3837615244841661	3.6638892986226614	3.8615941446438651	4.5398160280620559	3.344981413927258	2.3418300569205104	2.6821450763738319	3.1763806922432702	2.840106094456758	2.3010299956639813	1.7481880270062005	3.1714339009430081	2.6893088591236203	1.403120521175818	2.9947569445876283	2.6329631681672612	2.6138418218760693	4.0827494767272814	4.4148898217695987	3.4173055832445254	3.548941916664869	1.9030899869919435	3.0591846176313711	3.4173055832445254	3.9377685670499356	2.9872192299080047	2.763727403765698	3.1389339402569236	3.3729120029701067	1.3283796034387378	2.885926339801431	3.4638929889859074	4.1138765326310525	2.9646367037885013	2.8779469516291885	3.1383026981662816	3.4956830676169153	3.211787762900892	3.211787762900892	2.5746099413401873	2.0663259253620376	2.6965311199696069	2.3535315590777621	2.0863598306747484	2.720159303405957	3.5683190850951116	3.4815859363676225	2.8871107031248835	3.0762762554042178	2.4689378056654614	3.2619761913978125	2.7649229846498886	2.5397032389478253	2.6396856612426816	2.7079957464229292	2.1658376246901283	3.2619761913978125	2.0663259253620376	1.8750612633917001	2.9689496809813427	2.3654879848908998	2.7144974086498062	2.3062105081677613	1.8615344108590379	3.5881596163830922	3.6848633073266077	4.3837615244841661	3.4173055832445254	3.9119561890726868	3.8121777741587537	3.7793078275835859	3.3517963068970236	3.5376931943673906	3.3948017771627108	3.5881596163830922	3.0807346863531433	3.1147777319715622	2.8221680793680175	2.9980412643634282	3.610979379922997	2.3374592612906562	2.8643924051505887	2.8142475957319202	1.403120521175818	2.788239097382168	3.3208522198317545	1.9375178920173466	1.5670263661590604	3.3839230289521605	2.377306251068199	3.3839230289521605	3.5606238745499299	3.8902253465822838	3.2869053529723748	3.0972573096934202	3.3517963068970236	3.6387886671573981	3.4881274962474587	3.3961993470957363	2.1280760126687155	2.2833012287035497	1.6946051989335686	1.7032913781186614	2.7144974086498062	3.7876021461823375	3.8902253465822838	4.0822646226997295	3.3729120029701067	3.5628873812938791	3.4173055832445254	3.6888645680547918	3.2830749747354715	3.7794160989470678	3.3839230289521605	3.2697463731307672	2.9951962915971793	3.5376931943673906	3.0441476208787228	2.7512791039833422	2.0909630765957314	3.3220124385824006	3.2198463860243609	2.8609366207000937	0	3.0643831044121965	3.1134753985367372	3.1394067704417927	4.0827494767272814	3.4881274962474587	2.9708116108725178	2.8127797070089642	2.8392265740134355	3.1055101847699738	2.5891673905460477	2.6394864892685859	2.4265112613645754	3.0200296335426993	3.4173055832445254	2.7032913781186614	3.7876021461823375	4.2980667065465079	3.9898501096031804	4.6847825459164438	4.162594274442422	4.5398160280620559	4.7816907640559068	3.7876021461823375	3.1947917577219247	3.3821972103774538	4.6638045407787798	3.7137424784090824	3.6171052305023781	3.8000981801747757	3.7490402687034572	4.1449165270928505	3.9818638909913502	3.0591846176313711	3.3948017771627108	2.9916690073799486	3.4134674129858249	3.303412070596742	3.0748164406451748	3.2087100199064009	3.4234097277330933	3.1189257528257768	3.7137424784090824	4.1138765326310525	4.3837615244841661	4.3837615244841661	3.5398285583778981	3.3637999454791094	3.3756636139608855	3.4923412532549745	3.4328090050331683	3.30941722577814	2.8871107031248835	3.7630534402996147	3.7630534402996147	3.1983821300082944	2.0755469613925306	2.8048206787211623	3.3111178426625059	3.5376931943673906	3.7137424784090824	7.7499999999999999E-2	3.125E-2	0.91500000000000004	3.125E-2	0.79500000000000004	0.95	0.89	3.125E-2	1.18	0.73499999999999999	1	0.79	0.46700000000000008	0.74	0.39	7.2999999999999995E-2	0.35	8.8499999999999995E-2	0.17041095890410959	0.19013698630136985	0.313	0.20399999999999996	0.19750000000000001	3.125E-2	2.25	2.5499999999999998	2.6	1.8875	7.0499999999999993E-2	0.69019607843137254	0.21749999999999997	0.69499999999999995	0.56470588235294117	0.61	0.56999999999999995	0.72499999999999998	1.2625	0.90000000000000013	2.4624999999999999	1.9375	1.5625	0.91	1.06	0.43375000000000002	0.83	0.94857142857142851	0.48125000000000001	0.96	0.69	0.79500000000000004	2.375	0.48125000000000001	0.84	1.25	0.505	0.22750000000000001	1.1299999999999999	1.5	0.41625000000000006	1.2450000000000001	0.37375000000000003	0.63119999999999998	0.95733333333333326	0.33900000000000002	0.81499999999999995	0.64	1.21	1.7857142857142856	0.98999999999999988	3.9	2.1759999999999997	0.505	0.97	0.79	0.83499999999999996	1.0349999999999999	1.04	0.47949999999999998	0.90000000000000013	1.46	0.64	0.46750000000000003	0.59	0.68	0.32300000000000001	0.83499999999999996	0.78	0.46875	1.6500000000000001	0.61499999999999999	1.2050000000000001	4.3066666666666666	0.90500000000000003	0.89	1.0197183098591549	1.06	1.625	1.7124999999999997	1.2875000000000001	0.35849999999999999	0.86582278481012653	0.56000000000000005	0.47699999999999998	0.86	0.2545	0.32455696202531648	0.93999999999999984	0.50632911392405067	0.23125000000000004	0.2	0.55500000000000005	0.62	0.45250000000000001	0.56103896103896111	0.99500000000000011	0.68	0.41625000000000006	0.13	0.18124999999999999	0.57999999999999996	0.52	0.29125000000000001	0.64	1.085	0.45161290322580649	0.44500000000000001	0.93500000000000005	0.94683544303797473	0.17374999999999999	0.41625000000000006	1.1000000000000001	0.36774193548387102	0.26	0.32500000000000001	1.5249999999999999	0.46500000000000002	0.31	0.74399999999999999	0.69499999999999995	0.40999999999999992	0.91999999999999993	0.87500000000000011	1.125	0.45250000000000001	3	0.94500000000000006	0.505	0.1575	0.88	0.91999999999999993	0.98999999999999988	0.90000000000000013	1.155	1.2625	0.67500000000000004	1.72	0.66133333333333333	1.425	0.79500000000000004	0.96	0.83	2.9866666666666668	1	1.9375	2.75	1.8124999999999998	2.375	2.625	6.1749999999999998	7.6	1.3	1.1950000000000001	1.4	2.125	1.375	2.85	3.1749999999999998	1.6125	2.0750000000000002	2.7	0.45750000000000002	0.67	0.91999999999999993	0.94500000000000006	1.7124999999999997	1.8374999999999999	6.6500000000000004E-2	0.74	1.375	1.2450000000000001	2.08	1.145	1.6125	0.72000000000000008	0.83	0.46750000000000003	0.37624999999999997	1.1039999999999999	0.30375000000000002	1.825	3.64	6.166666666666667	1.3599999999999999	2.9	2.6	1.4750000000000001	2.4750000000000001	2.7749999999999999	Coliforms / 100 ml (log10 CFU (y + 1))
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