Eutrophication and Dissolved
Oxygen In Lake Merritt

By Nathan McAlone

Introduction

Eutrophication is a major environmental problem in many lake ecosystems, especially those in urban
environments. It results from the inputs of nitrogen and/or phosphorous compounds from industries,
agricultural land, homes, and urban and road surfaces among others. It causes heavy blooms of
phytoplankton and a decrease in water quality and biodiversity. Eutrophication in lake ecosystems is

Bushy Dell #1 Bushy Dell #2 increasing at an alarming rate. Of the 217 lakes surveyed by the ILEC (International Lake Environment
Committee) in recent years, all 217 had experienced increased eutrophication within the last 50 years. In
developing countries the problems are even worse. Lake Dianchi in China has such a huge problem with
eutrophication that fish-breeding has been almost completely abandoned because there is no oxygen for

them to breath at some points during the year. Almost all native water plants and most native fish species in

the lake have died out. Snails also die in large numbers from hypoxia in the bottom water. The water quality

has also become so poor that much of it is now below the accepted legal standards for domestic use.
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dramatically when the waste water which was contaminating it with phosphorous was diverted (United

Nations Environment Programme, Lakes and Reservoirs Vol. 3).

Lake Merritt is a man made tidal lagoon located in the heart of Oakland. Water from a variety of urban

streams mixes with water that ebbs and flows from the San Francisco Bay creating a brackish mix. It is well

documented that Lake Merritt suffers from nutrient loading which causes eutrophication (Nguyen, 2005).

This eutrophication is one of the causes of the chronically low dissolved oxygen levels in various parts of

Lake Merritt. The low DO levels in Lake Merritt observed by a probe placed at various points, caused the
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assess the extent of the nutrient loading (nitrogen and phosphorous) at present and also to determine the

source of the nutrient loading. | also tested for dissolved oxygen levels to get a sense as to the relative

levels of oxygen available for use by organisms at each of the various locations.
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Table 1 Materials/Methods

| collected water samples at 10 locations in urban creeks
that drain into Lake Merritt and in Lake Merritt itself. Table
1 provides an overview of my sampling schedule. My first

round of samples were collected a day after a moderate
rain and my second round were collected seven days
later. | collected these samples from the surface of the
creeks about a foot from the edge of the banks using clear
plastic containers. | then sealed the tops of the containers
and put them under natural sunlight until | performed the
tests on them. | tested each sample for nitrates using the
LaMotte Nitrate-Nitrogen Test Kit model #DC1200-NA,
read with a LaMotte Colorimeter Smart 2. | also tested
each sample for phosphates using the LaMotte VM-12
read with a LaMotte Phosphate (PO4) Low Range 7600.
Finally | tested the dissolved oxygen levels using the

Milwaukee Smart Dissolved Oxygen Meter Model SM600.
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Results

| found no phosphate levels discernable with my testing equipment (all levels less than 0.05 References

ppm) at any of the sampling sites. My raw data can been seen in the raw mean graphs for nitrate
and dissolved oxygen (above). The low and high estimate values used in my graphs and
discussion of nitrates are due to the error of the kits | used. The lowest possible value
discernable using my testing kit was 0.25 ppm, the two numbers represent the lowest possible
mean given an actual value of O ppm in all indeterminate samples and the highest possible mean

1. Nguyen, John. 2005. Lake Merritt Nitrogen Project Pinpointing Nitrate Contributions to Lake Mdrritt.

2. United Nations Environment Programme. 2007. Water Quality: The Impact of Eutrophication. Lgkes
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given an actual value of 0.25 ppm in all indeterminate samples.
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Discussion

The lack of phosphates was not surprising because phosphorous is the limiter in most lake ecosystems
systems and is less common as an urban runoff pollutant than nitrogen. Nitrates are very soluble and can

leech easily into drainage water, however phosphates are sparingly soluble and escape mostly in the form of

particles, which are less likely to be taken up by the lake ecosystem (United Nations Environment

Programme, Lakes and Reservoirs Vol. 3). | did find that there were very high levels of nitrates at various
sampling sites. The mean nitrate level for the urban creek sample sites was 1.27/1.31 ppm and the mean
nitrate level for the Lake Merritt sample sites was 0.13/0.30 ppm. It is clear from the simple averages that

there is more nitrate loading (per gallon) occurring into the urban creeks than there is directly into Lake Merritt
or through the bay. This is further supported by the nitrate levels in the two Lake Merritt test sites adjacent to
urban creek inflows having higher nitrate mean levels (0.19/0.31 ppm) than the test site by the entrance to the

bay (never discernable, i.e. greater than 0.25 ppm). There were higher nitrate levels on average in the first
sampling period (one day after a moderate rain) with the mean nitrate level in the urban creek sites being
1.46/1.5 ppm and the Lake Merritt sites being 0.25/0.33 ppm than the second week (eight days after a

moderate rain) when the mean nitrate level in the urban creek sites was 1.04/1.08 ppm and Lake Merritt sites
was 0/0.25 ppm. This suggests that nitrates are washed into the creeks from the surrounding urban area and
also that the nitrate levels in the urban creeks directly dictate the nitrate levels in Lake Merritt as the changes

in levels correlate pretty accurately. In regards to specific urban creeks, the nitrate levels varied within the
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possibly due to some pollutant clean-up that the cemetery administration was undertaking on their own.
However, besides that the creeks all had discernable nitrate presence in both testing periods.

The results varied geographically within the two weeks with the western clump of sample sites having an

average nitrate level of 2 the first week and 2.38 the second week compared to the eastern clump of sample

sites with an average level of 2 the first week and 0.5 the second week. The strong correlation between the
geographically similar sites, especially the eastern clump, suggests that the pollution is not coming from a
single source, but that it is spread out over a geographic area and the variation between sites from week to
week (both up and down) suggests that, though some of the relative level change is tied to rainfall, the
pollution is probably periodic and not chronic or constant. The data also shows that there is more nitrate
loading occurring in the eastern region, Glen Echo watershed, than in the western region Trestle Glen
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nitrate. This is the value that is considered to be harmful to lake ecosystems as it is the level where the algal
blooms it causes can start to seriously damage a vide variety of species. Though the average nitrate levels in

the urban creeks fall well short of this, such levels could accumulate in the lake if the inflow of nitrate is not
addressed. However that being said, the flow back and forth from the bay to the lake probably dilutes this

QLWUDWH WR D 3VDIH® DPRXQW (YHQ LI WKLY OHYHO RI QLWUDWH
the lake which is a known cause of the chronically low dissolved oxygen levels experienced by Lake Merritt. |

found no correlation in my data between nitrate levels and those of dissolved oxygen. The urban creeks had
an average DO content of 8.1 and the Lake Merritt sampling sites had an average of 7.8 (however that
iIncluded an extreme outlier of 6.3 without which the average would be 8.1). All of the samples fell within the
range of 8.8 to 7.4 (except for one 6.3) and most were around 8. These levels do not show any dissolved
oxygen deficiency either in the urban creeks or in Lake Merritt. However, these samples were taken close to
the surface where the dissolved oxygen levels are usually high; | was not able to test the depths of the lake

where most of the DO deficiency is located. There were various fluctuations in the DO data, most notably that

they were higher in general the first week (probably because of the proximity to the moderate rainfall), but |
can draw no meaningful conclusions linking them to the nutrient loading.
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