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Abstract:

This paper discusses the proposed quantitative analyses of phosphate along selected sites of the
Yangtze River (the Shanghai tributary). Phosphates are major nutrients in the eco-system;
consequently, excessive phosphates result in algal bloom that changes dissolved oxygen levels in
the aquatic system. The research initiative identifies five sites selected for their differences in
population densities and land utilization. Samples from each site will be analyzed for phosphate
content to ascertain if there are correlations between population densities and land utilization with
respect to phosphate content. Samples were acquired from sparsely populated environments,
industrial environments, and densely populated area. The samples were en-route to the United
States; consequently, analyses of the sample started early February and have been performed for
phosphates during February which are included in this paper. The early research projects of this
nature / type during the freshman year of the student college-years motivates and increases the
student’s interest in science and engineering disciplines and encourages them to pursue further
education in these fields.

This paper will focus on the Preliminary Phosphate Study (FIA) and discuss the results of the
experiments and the detection conditions performed. Future work would involve measurement of
other nutrients such as nitrate and potassium levels and comparisons made to see if there is
correlation between the nutrients and the sites tested so far in this work. Also future paper would
discuss and present how this type of early research study increases interest, teamwork, leadership
abilities in the freshman minority and international students.



Background:

The study presented in this paper discusses the research performed by an international student
dealing with the data collected from his hometown, while studying science and engineering at a
College in the USA, performing the research under the direction and guidance of the faculty at the
college in the USA.

The research project involves an international student from China, studying the amount of
phosphates and any other toxic material in Zhejiang River (within 10-20 miles of Shanghai, China)
and its environmental impact on rural and urban areas, and any other possible unforeseen and
unexpected impacts. Food and its availability is of major concern in various regions of the world,
especially in the underdeveloped communities. Furthermore if the water is used downstream for
farming, there might be additional concerns. This also impacts the quality and life of aquatic
creatures (especially fish) and wildlife. The water samples are taken at various locations of the
river. They are then shipped to the college in the USA. The laboratory experiments are performed
to analyze each sample at this college. The laboratory results are analyzed and conclusions are
drawn based on the data from the lab experiments.

Introduction:

Five total sites were considered, three sets of samples were obtained from the Shanghai tributary
of the Yangtze River from each of the following proximal locations: The Bund; Lanzhou Road and
Yanshupu Road; and the Forest Park Region. Samples were collected just along the sides of the
Bund, Lanzhou Road, and Yanshupu Road sites. Samples were collected at approximately 10.0 m
(cut significant figures) from sites of the Ship Factory, the Shanghai Grain Oil Industry Company,
and the Forest Park Region. These sites were selected because of their population densities and
use by the indigenous populations.

The densely populated area along Lanzhou and Yangshupu Roads along the Yangtze River provide
a site that might contribute to a greater concentration of phosphates contributed by the cluster of
people who reside in the area.

The Bund and Forest Park (1 km?), primarily used by the tourism industry, are sparsely populated
areas void of residential housing. The phosphate concentrations in these areas might be lower
since they have no indigenous populations but have visitors who are discouraged from leaving any
waste at the sites.

The Ship Factory is one of the 500 largest industrial enterprises in China and has more than seventy
years of industrial history with in the Shanghai geographic region. The Grain Oil Industry
Company produces edible oil and rice. These sites might contribute to greater phosphate
concentrations resulting from industrial waste.

The phosphate concentrations will be charted to determine if there is a difference between
population densities and land utilization.



Data Collection Areas:

To investigate the phosphate content in various locations of the Shanghai tributary of the
Yangtze River fifteen (30.0 mL cut) samples were collected close to Lanzhou and Yangshupu
Roads, residential areas; the Bund and Forest Park, tourist attractions and non-residential areas;
and Ship Factory and Grain Oil Industry Company, industrial areas.

Samples:

Five samples were collected from each area providing a total of fifteen (30.0 mL cut) water
samples. All containers and instruments that came in contact with the samples were previously
cleaned with ultra-pure water to avoid contamination. Water samples were filtered to remove
large particles.

Experimental and Methodology:

Phosphate estimations in the water samples were done using the following chemistry:

PO43_ + 12|V|OO42_ +27H" — H3PO4(|\/|OO3)12 + 12H,0

The phosphomolybdic acid on reduction produces the blue color.

HsPO4(M00O3)12 ------ —  phosphomolybdenum blue

Flow Injection Analysis (FIA) detection conditions were at Amax = 720 nm and background
correction was set at at 414 nm (based on the UV spectrum) . The standard stock solution
containing 0.2197g of oven-dried potassium dihydrogen orthophosphate in 500.0 ml of pure
water was diluted to the required standard concentrations in the ppb range.

Ten (10) g of Ammonium molybdate was dissolved in 1.0 L pure water containing 35 mL
concentrated sulphuric acid . Two-tenths (0.2) g Tin(ll) chloride and 2 g hydrazinium sulphate
were dissolved in 1 L pure water containing 28 mL of concentrated sulphuric acid to prepare the
reducing agent. The reagents were introduced into the flow system ( Figure 1) using a peristaltic
pump (Gilson miniplus* 3). Samples were introduced through an injection valve (Valco
Instruments Co. Inc). 250uL injection loop.

Equipment & Software Involved:

e Agilent Cary 8454 UV Vis Spectrophotometer
e Chemstation Software G1117AA



e Gilson miniplus* 3
e Valco Instruments Co. Inc. , using the 6 port loop injection valve.

Absorption was measured using an Agilent Cary 8454 UV-Vis Spectrophotometer running
chemstation software G1117AA. FIA detection conditions were Amax at 720 nm and background
correction at 414 nm (based on the UV spectrum) . All solutions and reagents were prepared with
ultra-pure water and all reagents were of AnalaR grade or equivalent.

Laboratory Set up and Testing:

The following figures illustrates the laboratory set up for these experiments, the room and the
equipment involved.

Figure 1: Shows the laboratory used for this study



Figure 2: International and Minority students running the experiment

The students and personnel were instructed to handle the waste material treated as containing
heavy metal toxins. This was exercised throughout the study.

Figure 3: Personnel and International and Minority students at work



Figure 4: lllustrates FIA system and the UV-Vis Spectrophotometer

These early freshman students (first semester) needed to be first taught about each equipment,
their operations and functions. The training of the lab procedures as well as becoming familiar
with the equipment took several days. Students also ran a few test experiments using the water
samples from the Salt Lake area. This is due to the fact that we could not afford losing the real
samples from Shanghai, China unnecessarily. Therefore there would be no wasting of the
Samples from Shanghai due to difficulty and complications in acquiring more samples.

Figure 5: Left and Right are Images of
the Peristaltic Pump and FIA set up.




Figure 6: FIA system and Injector Wall in front of the Peristaltic Pump

The waste is collected in the container as shown and is discarded in a safe and according to the
guideline, rules and standards as specified by the state.
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Figure 7: Left and Right photos are the NMR Machine in black, as is shown in the background in
both photos.

Experiment Schematic:

The overall FIA manifolds schematic are illustrated below.
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The sample analyses used the lower manifold in the diagram which is shown above.




The experiment in specific involved detector, waste, the sample loop, molybdate and tin (l1)
chloride. The Flow Manifold schematic is illustrated in Figure 8, as shown below.

FIA Flow Manifold

Molybdate Detector waste

Sample Loop S
Tin (ll) Chloride Q
—{__]

Figure 8. The FIA Flow Manifold is illustrated above

In the initial experiments, water was used as carrier. Both water and molybdate were pumped at
1.0 mL/min rate, while the Tin(Il)chloride solution was maintained at 1.5 mL/min flow rate.
Since the detection limit was high under these conditions, water flow was eliminated and the
Molybdate solution was used as the carrier, avoiding further dilution and all tubing in the flow
systems were 0.5 mm id resulting in better detection limits.

Results and Conclusions:

The samples were received in good condition with each sample properly sealed and labeled.
However, calibration, system cleaning, purification and other procedures had to be first
implemented before the actual experiments could be conducted.

A calibration and analysis method which allows detection of dissolved phosphate concentration
in water resources to 10 ppb levels was developed. The samples needed filtration, since they
were collected from the river sites and immediately sealed without any preliminary processing.

Initial runs were conducted with 30 uL cell having 10 mm pathlength at 15 speed on pump. This
limited our detection limit to 50 ppb and all of the samples had levels close to the 50 ppb or
lower concentrations. The sensitivity was not good enough to detect lower concentrations with
the run conditions used as shown in the diagram below.
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Peaks for of 10, 20, 50, 100, 500 ppb and 1,3 ppm samples at 15 speed and 30 pL concentrations
of Phosphate ions.

The last run (quadruplicate) was done with one of the samples. So a study to increase sensitivity
by varying the pump speed (flow rate) at different flow cell volumes was conducted.

The results in the table below show that the 80 pL cell with 10 mm path length and 5 speed at
the pump gives best response to the phosphate concentrations. (The 30 pL flow cell had
problems with small bubbles getting trapped in the measurement window.)

Cell Path

volume |Length |speed |peakl |peak2 |peak3 |average

80pL 10mm 15 1.43058 | 1.42046 | 1.41552 | 1.422187
10 1.79013 | 1.80489 | N/A 1.79751
5 1.92902 | 1.90756 | N/A 1.91829
3 1.70524 | 1.65633 | N/A 1.680785
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Cell Path
volume |Length |speed |peakl |peak2 |peak3 |average
31plL 0.5mm 15 8.74E-02 | 8.66E-02 | 8.70E-02 | 8.70E-02
10 0.103734 | 0.101431 | N/A 0.102583
5 0.114311 | 0.117311 | N/A 0.115811
3 0.13169 | 0.135155 | N/A 0.133423
30pL 10mm 15 1.43129 1.42448 1.44387 1.433213
10 1.53096 1.52945 N/A 1.530205
5 1.53565 1.53034 N/A 1.532995
3 1.50678 1.5135 N/A 1.51014
40pL Imm 15 0.181046 | 0.17753 0.165813 | 0.174796
10 0.225268 | 0.223938 | N/A 0.224603
5 0.245504 | 0.243107 | N/A 0.244306
3 0.259256 | 0.259868 | N/A 0.259562
Repeat runs with different cell vol. and flow rates.
speed 80pL-10mm 31pL-0.5mm 30pL-10mm 40pL-1mm
3 1.680785 0.1334225 1.51014 0.259562
5 1.91829 0.115811 1.532995 0.244306
10 1.79751 0.1025825 1.530205 0.224603
15 1.422187 8.70E-02 1.4332133 0.174796

The highest response value is highlighted; these conditions were applied in further runs.

The highest response value was found to be at pump speed 5 and employing the 80uL flowcell
and these conditions were applied for the analysis of the samples.

This highest response value is highlighted yellow in the above table. Also the precision by the
Relative Standard Deviation of peak height from a full-page expanded print of the calibration
peaks was measured to be 1-2% RSD.

The signal versus the speed of the pump is illustrated in figure below. The highest response value

was found to be at pump speed 5 and employing the 80uL flowcell, and these conditions were
applied for the analysis of the samples
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Signal vs Pump speed

2.5
2 O oo
o —— S
15 P @nrnininteneesnreeenannans O e
1
0.5
0
0 5 10 15 20
e 30uL-10mm
e 30uL-10mm

......... Poly. (80uL-10mm)

Calibration with 80 uL 10 mm path length flow cell using 5 speed at the pump is illustrated in
the graph below.

The peak signal versus the concentration in parts per billion (ppb) is shown in the graph below,
which it has exhibited an excellent linearity where the correlation coefficient squared was
0.9997.

The actual measurement with five unknown samples were conducted using the same parameters

as the above calibration readings. Below are shown the results from Shanghai Tributary of the
Yangtze River.
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The figure below illustrates clearly and shows calibration plot, used for the river samples, of
absorbance versus concentration exhibited excellent linearity where the correlation coefficient
squared was 0.9997.
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The concentration for the five different sites where the samples were collected from are shown in
Table 1 below.

ppb Site

109 Lanzhou Rd (dense population)

109 Gongging Forrest Park ( sparse

population)

152 Grain and oil factory (' Industrial)

152 The Bund ( sparse poplulation )

154 Pudong dockyard ( industrial )

Table 1: lllustrates the concentration for the five different

In conclusion the results for the 5 river samples show higher values near industrial zones
which is to be expected as more chemical activity from run off from the cleaning and
maintenance of these sites is more probable. Future work could involve measurement of
other nutrients such as nitrate and potassium levels and comparisons made to see if there
Is correlation between the nutrients and the sites tested so far in this work.

The new FIA highly sensitive method for phosphate developed by the chemistry
department proved to be an ideal technique providing rapid, precise and reliable results
and it was further shown to be easily adapted to these river samples.
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