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Friends of the Oxbows (FOTO) have been measuring simple water quality parameters on oxbows on the east side of the Okanagan River Channel since May 2015 and in adjacent waters (Okanagan and Skaha lakes and two locations on the Okanagan River channel) since January 2016. Beginning in August 2016 we were assisted with measurements by a student from Okanagan College until April 2017, when we resumed sampling, as our student moved on to other things. Parameters measured included temperature, pH, and conductivity, using Oakton PS Testr 35 pH-Conductivity meters, one on loan from the Okanagan Similkameen Stewardship Society and laterally using one purchased by FOTO. Turbidity was measured using a Triton Turbidity Wedge, and the depth of light penetration converted to standard turbidity units (NTU - Nephelometric Trubidity Units).
Water temperature is important to know because it affects which organisms can survive in a given water body. As temperature rises the amount of dissolved oxygen decreases, photosynthesis of aquatic plants is only possible within a certain range, metabolic rates of aquatic organisms change, and the sensitivity of these organisms to pollution, parasites and disease may also change.
pH or acidity is a measure of the level of hydrogen ions in solution. High or low levels of acidity are deleterious to aquatic life. Canadian Council of Ministers of the Environment (CCME) guidelines indicate that pH should be in the range of 6.5 to 9.0 in order not to have negative effects on aquatic organisms. By way of comparison, Health Canada indicates that drinking water should be in the range of 7.0 to 10.5 to be considered safe for human use.
Conductivity is a measure of the amount of materials dissolved in water, and can be used as an indirect measure of the saltiness of water. Salts, and other solids that have dissolved in water, come from natural sources such as the surrounding rock substrate, or from runoff, both from natural processes and in our case from adjacent gardens and roads. High conductance can be an indication of poor water quality for aquatic organisms, in which case the water could be consider polluted. Most freshwater organisms will be found in waters with a range of conductivity between 150 uS/cm and 500 uS/cm. Drinking water is considered safe when conductivity is <50 uS/cm.  Conductivity above 6000 uS/cm is considered moderately salty, will begin to have deleterious impacts on aquatic life, and should then be considered as polluted. By comparison sea water has a conductivity of approximately 56000uS/cm. Organisms living in sea water have special adaptations to allow them to tolerate such high salt concentrations.
Turbidity is a measure of how much light will pass through a given liquid, in our case oxbow water. Where turbidity is high less light is available for photosynthesis, and biological productivity of the water body suffers. More turbid waters will also absorb more heat, and thus warm faster. In Canada, drinking water is considered safe if turbidity is less than 1 NTU. Turbidity above 20 NTU will have impacts on macrophytes and presumably invertebrates that might reside in the water column, thus impacting productivity and health of the wetland system.
A useful source to start one’s own study of the meaning of water quality can be found at https://www.for.gov.bc.ca/hts/risc/pubs/aquatic/interp/index.htm
Brandon Avenue Oxbow
The Brandon Avenue Oxbow, being the initial concern of FOTO, has the longest running data set. Measurements have been made at two locations: 1) where the storm sewer enters; and 2) near the small wharf on the Anderson property. Initially, the latter site was separated from the former due to the sedimentation build-up coming from the storm sewer. Since the clean out of this oxbow in September of 2016 there is open water between the two sites, and presumably more complete mixing of the water in the two locations. 
	Temperature and pH
Temperature at both locations on the Brandon Avenue oxbow (Figs. 1 & 2.) reached highs as expected in the summer, with the Wharf site being slightly warmer (high of 26o C vs 25o C at the storm sewer inlet site). Although that difference is not likely significant statistically, it could be due to the storm sewer being part of a culverted stream. Water has been observed to run from the sewer throughout the year. Water coming into the storm sewer from further up the old stream bed would likely be at least a little cooler than water already in the oxbow and exposed to sunlight. 
Data collected over the course of our sampling indicate that the pH is similar between the two sites, averaging 8.2 (SD=0.7) at the storm sewer outfall and 7.8 (SD=0.7) at the wharf. The pH at both sites appears to remain fairly constant seasonally.






Conductivity
Conductivity (Figs 3 & 4) at the storm sewer outlet averaged 633 uS/cm (SD=211), while at the wharf it averaged 521 uS/cm (SD=162), when high values recorded during storm run-off events in Dec 2015 and early Jan 2016 were excluded. We were unable to take measurements during similar run-off events subsequently, though they did occur. Conductivity during winter run-off events was between four and six times the mean conductivity at the wharf and sewer outfall respectively. Conductivity appeared to be similar between the two sites throughout the sample period, so presumably there was ample mixing of the water body in spite of the sediment in-fill between the two areas. The conductivity appears to return to levels near the average soon after storm events.





Conductivity levels are relatively low and indicative of a system not heavily impacted by materials entering the oxbow that would affect conductivity (salts). 
Other Oxbows
	Temperature 
Temperature on the other oxbows (Fig 5.) was similar to that seen on the Brandon Ave oxbow, with the same annual cycle, as expected in similar water environments.





	
pH
pH at oxbows other than the Brandon Avenue oxbow averaged 7.6 with a standard deviation of 0.72, approximately similar to that seen at the Brandon Aveenue oxbow, though with apparently more variation (Fig 6.).



Plotting the average pH for all oxbows except the Brandon Avenue oxbow on the sample dates showed an interesting trend towards increased pH (Fig 7.). It is not known what that means, if anything, and more measurements of pH will be required to confirm the trend, or to look for seasonal trends.









	Conductivity
Conductivity at the other oxbows we have data for (Fig. 8.) averaged 397.8 uS/cm with a standard deviation of 166.8. This is similar to the levels seen at the Brandon Avenue oxbow, but with higher variability. When the data from all the oxbows other than from the Brandon Avenue oxbow were plotted together, an interesting downward trend was found. It is not know why that trend exists either, but it’s fairly evident in Figs 8 and 9 below.










	




Non-oxbow wetland sites
	Temperature
Temperatures recorded at non-oxbow wetland sites (see Fig. 5 above) followed a similar pattern to those seen on the other oxbows and on the Brandon Aveenue oxbow. However, they did not reach the peaks, nor drop to or below freezing as seen on the oxbows. That result was expected given that the non-oxbow wetlands are much larger bodies of water, and were in motion either from current in the channel or from wind produced currents in the lakes.
pH
The pH of non-oxbow wetlands (Fig. 10) was variable, averaging 8.3 with a standard deviation of 0.43, slightly higher than the other oxbows but similar to the Brandon Avenue oxbow. There was a slight upward trend in pH at the non-oxbow wetlands over time (Fig. 11), similar to that seen at the other oxbows, but not at the Brandon Avenue oxbow.










Conductivity
Conductivity at non-oxbow wetlands averaged 263.3 uS/cm with a standard deviation of 89.0, generally lower than that seen at the oxbows (Fig 12), with some interesting variations. During the onset of the freshet in 2017 there were highs and lows at some locations, which may have been the result of road



salts making their way into those waterbodies. Okanagan Lake seemed to be least affected in this respect, likely because of its large size. A similar downward trend was noted in conductivity(Fig. 13) as was seen for non-oxbow wetlands, the reasons for which will again require more data before we can determine if they are significant.



Turbidity 
We have preliminary data on turbidity at all sites for the period from August to October 2016 and from February to May 2017. Turbidity was measured using a Triton Turbidity Wedge, which one uses to estimate how deep into the water column one can see in cm, and then converting those depths into NTUs. Because light attenuates logarithmically with depth, and the NTU scale is a negative log, the results can be confusing to interpret. The higher the NTU the less clear the water. Average light penetration for all sites was 20 cm, or approximately 50 NTUs. The trend line is nearly flat, when all sites are considered together, indicating a limited annual change in turbidity. The effective limit at which the turbidity wedge can be used is 22cm, meaning the gauge is not large enough to sample more deeply. Our measurements are only of interest where we could not see into the water as far as 22cm, as happened occasionally (Fig 14). Turbid conditions above the 22cm base that the gauge can detect (that is, light penetrated deeper than 22cm) certainly occurred - there were instances when the water was clearer than the gauge could detect. Average turbidity  appeared to range between 40 NTU and 50 NTU (Fig 15), which would indicate that in general the oxbow water must be considered as quite turbid (see the link below for some colourimetric indicators of what turbid water can look like) https://www.google.ca/search?q=what+does+turbidity+look+like&cr=countryCA&sa=X&tbs=ctr:countryCA&tbm=isch&imgil=arGf_mNfC7ycrM%253A%253BfzroQzjG1aB7HM%253Bhttp%25253A%25252F%25252Fwww.luminoruv.com%25252Feducation_water_chem.php&source=iu&pf=m&fir=arGf_mNfC7ycrM%253A%252CfzroQzjG1aB7HM%252C_&usg=__spo2P3JqboPxm0x1dSzq-W2r6dU%3D&biw=1745&bih=819&ved=0ahUKEwiL5LOepovUAhVmwYMKHRdyD9wQyjcIPQ&ei=A_AmWcvWDOaCjwSX5L3gDQ#imgrc=arGf_mNfC7ycrM: 





The non-oxbow sites had clearer water than the oxbows (Fig 16). Generally, water clarity was at or below the level at which we could detect turbidity more often than it was above. Average turbidity at non-oxbow sites was lower than that seen in the oxbow sites (Fig. 17). There were more times when the water was clearer than the wedge could detect, thus biasing clarity measurements at those locations downwards.


 


Other parameters
We measured a few other parameters at selected sites in order to determine if significant levels of ammonia (NH3), nitrate (NO3), iron (Fe) and copper (Cu) were present. We used simple colour-changing litmus-type paper test strips which we obtained from Omega Canada for those chemicals.
Ammonia is a product of metabolism and will be excreted into the water by organisms living there. Ammonia can also come from fertilizer-laden run-off, from decay of organic compounds and detritus in the water body, and from animal and human waste.
Nitrate (NO3) can come from the bacterial transformation of ammonia (NH3), from fertilizers, septic tanks, and car exhausts. Although plants require nitrogen for growth, and can use nitrate as a source, too much can cause excessive growth, leading to eutrophication of the water body, which in turn leads to a large reduction in dissolved oxygen. That in turn will have a negative impact on aquatic organisms, leading to a decrease in the health of the ecosystem.
Iron and copper can come from a variety of sources in the environment, including mineral deposits, and materials released into the environment by human activities. In high concentrations both are toxic to aquatic organisms and lead to reductions in productivity of aquatic organisms.
All tests indicated that those chemicals occurred in very low concentrations in any of the waters we tested, thus indicating low or non-existent levels of pollution from sources mentioned above.

Preliminary Conclusions
Of the water quality parameters we have measured we believe the only one to be concerned about is turbidity. The other parameters appear to be at near the normal expected for relatively healthy aquatic environments. Turbidity could be a concern because the more turbid the water the less productive it will be. Given there is relatively little water flow in the oxbows, there will be a continual accumulation of fine organics on the bottom. Turbidity can easily be affected by wind, waves, or the action of larger animals present in the oxbows, such as carp, waterfowl, otter, beavers and muskrats. Consistent with our recommendations for the future management of the oxbows, we believe they can be made more productive if water is allowed to circulate through them and, where needed, they are occasionally cleaned out. In effect both of those actions would emulate the natural river processes that are no longer possible due to the river’s channelization. If we want the oxbows to be maintained as reasonably productive aquatic environments, which is the primary goal of the Friends of the Oxbows, effort ad resources will need to be expended periodically to reduce the impact of sedimentation and low water flows.
Fig. 5. Average temperature on other oxbows and other non-oxbow wetland sites
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Fig. 7. Average pH by date for all sites except for those  at the Brandon Avenue oxbow
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Conductivity	y = -0.1072x + 4826.8
R² = 0.0733
42342	42347	42352	42369	42377	42391	42408	42420	42431	42448	42462	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	316	302	308	314	314	309	271	290	290	301	273	269	263	258	265	238	227	291	323	177	183	238	135	146	247	283	295	161	378	317	Fig. 14. Turbidity (NTU) in all oxbows from August 2016 to May 2017
Figueras 	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	50	35	30	35	80	85	35	70	30	60	90	Skaha Place	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	60	55	50	30	75	80	55	55	35	55	95	Warren Ave 	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	50	35	25	35	50	35	35	50	55	35	35	Roy Road 	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	70	50	35	36	50	55	35	55	35	30	35	Kinney 	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	70	35	50	50	30	35	55	50	60	35	50	Falcon Court	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	35	35	35	30	30	30	35	55	35	55	50	Brandon SS	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	55	50	90	35	35	35	30	30	35	30	75	Brandon Warf 	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	70	50	100	35	35	35	30	30	35	30	75	Limit of test equipment	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	30	30	30	30	30	30	30	30	30	30	30	NTU
Fig. 15. Average turbidity (NTU) for all oxbows from August 2016 to May 2017
Average turbidity	y = -0.0138x + 631.45
R² = 0.0257
42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	50	35	55	35	50	50	35	50	35	35	55	Limit of test equipment	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	30	30	30	30	30	30	30	30	30	30	30	NTU
Fig. 16. Turbidity (NTU) for non-oxbow sites August 2016 to May 2017
Skaha Lake 	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	30	30	30	50	35	30	30	30	30	30	35	OK Lake	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	30	30	30	50	30	30	30	35	30	30	30	Fairview Ave	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	55	30	30	30	35	35	35	80	55	35	35	Channel	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	30	35	35	30	30	30	30	35	30	30	35	Limit of test equipment	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	30	30	30	30	30	30	30	30	30	30	30	NTU
Fig. 17. Average Turbidity (NTU) on non-oxbow sites
Turbidity averaged	y = 0.0064x - 239.68
R² = 0.0148
42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	35	35	35	35	35	30	30	50	35	30	35	Limit of test equipment	42585	42623	42631	42637	42645	42652	42790	42804	42819	42832	42863	0	30	30	30	30	30	30	30	30	30	30	30	Fig. 1. pH and temperature at the storm sewer inlet on the Brandon Avenue oxbow.
pH	42161	42165	42168	42175	42182	42184	42189	42196	42197	42203	42210	42217	42220	42226	42231	42313	42323	42369	42377	42386	42391	42420	42431	42448	42463	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	7.5	7.6	7.7	7.6	7.6	7.2	8.1	8.3000000000000007	7.7	8.3000000000000007	7.7	8.1	7.7	8.1999999999999993	8.3000000000000007	8.6999999999999993	10.6	8.3000000000000007	8.1	8.6	7.7	9.1999999999999993	9	9	8.9	8.5	8.4	7.8	8.6999999999999993	7.6	8.1	8.1999999999999993	8.1	8.1	8.1	7.6	7.3	7.8	9.3000000000000007	8.5	7.3	9.5	8.3000000000000007	7.1	Temp	42161	42165	42168	42175	42182	42184	42189	42196	42197	42203	42210	42217	42220	42226	42231	42313	42323	42369	42377	42386	42391	42420	42431	42448	42463	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	22.3	23.2	20.9	22	24.9	25.2	24.7	24.6	22.7	25.2	23.4	25.2	24.4	24	22.5	10.9	7.8	0.3	3.8	2.5	5.2	6.5	8.1	8.1	12.1	18.8	15.7	17.3	22	22.6	22	23.7	21.4	23.9	23.9	22.7	15.8	17.2	14.9	11.8	6.8	5.0999999999999996	6.2	8.1999999999999993	
Fig. 2. pH and temperature at the wharf on the Brandon Avenue oxbow.
pH	42143	42161	42165	42168	42175	42182	42184	42189	42196	42197	42203	42217	42226	42231	42313	42323	42370	42377	42386	42391	42420	42431	42448	42463	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	6.5	6.6	7.1	7	7.1	7	7.4	7.6	7.4	7.6	8.1	8.1	8.1	8	8.6	8.6	7.3	7	6.6	7.6	7.3	8.1999999999999993	8.9	8.5	8.6999999999999993	7.9	8.1999999999999993	8.5	7.5	8.3000000000000007	8.6	7.5	8.1	8.1	7.5	7.3	7.6	8.6999999999999993	8.5	8.5	9.3000000000000007	9.4	6.2	Temp	42143	42161	42165	42168	42175	42182	42184	42189	42196	42197	42203	42217	42226	42231	42313	42323	42370	42377	42386	42391	42420	42431	42448	42463	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	20	24.5	26.5	21	23.1	20.100000000000001	26.3	27.6	23	23	27.1	26.8	23.7	20	7.8	6.5	0	1	1.7	4.5999999999999996	5.7	7.2	7.9	15.5	21	19.3	19.399999999999999	28.1	27.1	23.2	24.8	20.9	21	23.2	27.1	15.8	16.8	13.1	11.8	7.1	5.2	6.3	9.1999999999999993	
Fig. 3. Conductivity at the storm sewer outfall on the Brandon Avenue oxbow (uS/cm)
Conductivity S/m	42161	42165	42168	42175	42182	42184	42189	42196	42197	42203	42210	42217	42220	42226	42231	42313	42323	42369	42377	42386	42391	42420	42431	42448	42463	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	750	965	889	788	830	630	816	778	495	788	716	813	111	750	742	424	96	0	0	0	439	796	875	838	495	697	690	594	708	661	720	640	700	334	334	661	326	213	632	621	786	811	642	348	
Fig. 4. Conductivity at the wharf on the Brandon Avenue oxbow
(uS/cm)
Conductivity S/m	42143	42161	42165	42168	42175	42182	42184	42189	42196	42197	42203	42217	42226	42231	42313	42323	42370	42377	42386	42391	42420	42431	42448	42463	42480	42501	42512	42527	42550	42570	42578	42585	42592	42605	42629	42631	42637	42645	42652	42790	42804	42819	42832	574	385	470	532	582	726	780	602	680	456	572	620	577	623	387	70	948	0	0	729	518	535	480	545	581	653	620	640	331	422	380	404	359	306	331	309	320	513	522	816	393	599	456	
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