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Abstract

A study has been conducted focusing on how the phosphorus renrx)val

efficiency of a constructed wetland (CW) can be optimized through

the selective enrichment of the substratum. Activated alumina and

powdered iron were examined as possible enrichment compounds.

Using packed glass column trials it was found that alumina was not

suitable for the renx)val of ortho-phosphate from solution, while

mixtures of powdered iron and quartz sand proved to be very

efficient.

The evaluation of iron/sand mixtures in CWs planted with cattails

was performed in three stages; first using an indoor lab scale

wetland, then an outdoor lab scale wetland, and finally in a small

scale pilot project. For the lab scale tests, three basic

configurations were evaluated: using the iron/sand as a pre-filter,

in the root bed. and as a post filter. Primary lagoon effluent was

applied to the test cells to simulate actual CW conditions, and the

total phosphorus and iron concentrations of the influent and effluent

were nfK)nitored. The pilot scale trials were limited to using only a

post filter design, due to in-progress research at the pilot site.

The lab scale tests achieved average renrK>val efficiencies greater

than 91% for all indoor configurations, and greater than 97% for all

outdoor configurations. The pilot scale tests had an average renK)val

efficiency of 60%. This relatively low efficiency in the pilot scale

can be attributed to the post filters being only one tenth the size of

the lab scale test in terms of hydraulic loading (6 cm/day vs. 60

cm/day).
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Introduction ^

The name Phosphorus conies from the Greek word Phosphoros

meaning light bearing. It was used as the ancient name for the planet

Venus when appearing before sunrise, and was applied to all

substances which glowed in the darkJ The name was later

restricted to the element which was originally known as phosphorus

mirabilis or noctiluca consistens. The discovery of the element has

been attributed to Brand, who prepared it from urine in 1 669,

although it may have been known to Arabian alchemists as early as

the twelfth century.2

Life on earth is dependent on plant growth. Plant growth is in turn

limited by the availability of nutrients. Phosphorus is a nutrient

that falls into a group of nine essential elenients known as macro-

nutrients. The other eight are C, H, 0. N. K, Ca, Mg, and S.3 Macro-

nutrients are substances required by plants in relatively large

amounts (approaching or exceeding 1 % of the dry weight of the

plant). There are also seven essential micronutrients, Fe, CI, Cu, Mn,

Zn, Ho, and B which plants require in trace anrx>unts. The

macronutrients P, K, Ca, Mg, and S, are also known as mineral

nutrients as they are generally not available through atnrK>spherk:

processes. Within the biosphere there is a complex system of

continual cycling of these mineral nutrients. Figure 1. shows a

simplistic model of the cycling of phosphorus in our ecosystem. On

the basis of availability, the two nK>st critical plant nutrients have

been determined to be nitrogen and phosphorus. In freshwater
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ecosystems phosphorus is generally regarded as the limiting

nutrient. \i^

Animals
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Figure 1: The Phosphorus Cycle y--,

Phosphorus occurs in the environment predominantly as phosphates,

P04^~ . The bulk of the phosphorus on earth is contained in relatively

low concentrations in the crustal rock formations of the lithosphere

(0.07 - 0.09 % as P)."^ The industrial extraction of phosphorus is

based on deposits of higher concentrations found primarily in

liniestone rock formations of nruirine origin. In these deposits, •





phosphorus is found in a variety of apatite minerals as impure tii-

caicium phosphate (Ca3(P04)2). Secondary sources are igneous

apatites, and guano, deposited over extended periods of time by sea

fowl. Greater than 85% of the ore produced is used for agricultural

purposes, approximately half the remaining stock is used in the

manufacture of phosphate builders for detergents.

Eutrophication - /'

Eutrophication is the enrichment of waters by nutrients. This

process is often characterized by the excessive growth of algae,

which is followed by a serious depletion in dissolved oxygen as the

algae die and decay. While this process can occur naturally, hunrian

activity greatly accelerates the process through runoff from

fertilized agricultural land and by the discharge of domestic and

industrial effluents. Domestic wastewaters are particularly

problematic in that they typically contain all of the macro and micro

nutrients required for plant growth.

Long term studies have shown that reducing the phosphorus loading

to a watercourse can prevent, or even reverse eutrophic conditions.^

One approach to reducing the phosphorus content in domestic

wastewaters has been in the ban of phosphate-based detergents.

Estimates of the phosphorus content in these wastewaters

originating from detergents range from as high as 60% to less than

20%. A major study conducted in the United States examined over

400 lakes in areas where bans had been enacted and found that this





approach resulted in a negligible effect in nf)ost situations.^ The

conclusion to the study suggested that the only practical solution

was to renrx>ve the phosphorus loading of the wastewater prior to

discharging from the treatnient plant.

Wastewater Treatnient

Ancient cities dating back as far as 5000 years were constructed

with conduits to channel wastes from humans and aninruils to the

nearest watercourse. The first known treatment of wastewater

dates back to 1531 at Bunzlau Germany, where wastewater was

treated by land application.^ Despite this, nfx>st major western

cities did not adopt sewer systems to carry away domestic wastes

until the correlation between cholera outbreaks and wastes was

realized In the latter part of the 1 9th century. The development of

treatment systems followed at the end of the 1 9th century and the

early 20th century, as the watercourses to which the wastes were

directed became overloaded.

Conventional Wastewater Treatment

Municipal sewage can be described as a dilute solution and

suspension of a heterogeneous mixture of constituents, and as such,

is not an easy stream to treat. The characteristk:s of the stream

depend on the type of sewer collection system and industrial waste

entering the sewers. In order to characterize the stream, a basic set

of test parameters are generally used (Table 1). Normally the
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effluent is discharged into a receiving body of water. The degree of

treatnr^ent required depends on the population loading and the ability

of the receiving water to assimilate the wastes. Waste treatnf)ent is

normally carried out in stages which are classified as primary,

secondary, and tertiary. '
'

Table 1. Approximate cumulative waste removal efficiencies of

various sewage treatment procedures, in percent.^

Primary Primary -'

8econdar>-

Primar>' -• secondaryT
tetuary

Shallow

lagoons

_JffiL_

Chemical
ooagulation

B.O.D.
(biochemical oxygen demand)





steps used vary widely but in general they will include multistage

screens to renrK)ve coarse materials, a comminutor to fragment any

residual coarse material, a parshall flume to measure flow, and

quiescent channels with underflow discharges to remove floatables

(i.e. hair, plastics, grease etc.).^ The underflow discharges are then

fed to a clarifier for settling to occur. The supernatant from this

process is referred to as primary effluent.

Secondary Treatnr)ent

Secondary treatnrient uses biological processes for the consumption,

destruction, and imnrK>bilization of wastes. The main processes

commonly used are the activated sludge process, trickling filters,

rotating biological contactors, and biological towers. These methods

utilize enhanced concentrations of micro-organisms in well aerated

environments to accelerate processes that occur in natural settings.

The microbial action converts both dissolved and suspended matter

into a settleabte bacterial biomass with absorbed and adsorbed

impurities. The secondary effluent from this stage is often treated

with chlorine for further disinfection.

Tertiary Treatnf)ent

In terms of phosphorus removal, the combination of primary and

secondary treatment systems are only able to remove a maximum of

20-30% of the input loading."^ When the effluent from the secondary

process is not of acceptable quality it is often required that tertiary
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advanced treatments be used. Two connmonly used niethods utilized

are shallow lagoons or chemical coagulation.

t<i

Shallow lagoons have good sunlight penetration and oxygen exchange

to the bed which allows for continued microbial action as well as

photosynthetic waste utilization. It was the photosynthetic removal

of phosphates that led to the concept of using shallow lagoons for

nutrient renrK>val. In order to maintain phosphorus revnov2\ a system

to renrK)ve algae must be employed. Shalbw lagoons have the

advantage of being simple in concept, but the processes require

relath^ely long retention times to be effective and necessitate

significant land areas for their use. In addition, complications can

arise from imbalances in nutrient ratios, proper pH, and

temperature. . . . ^; k. .... ^ - er.

Chemical coagulants such as alum, ferric chloride, and linrie have

been used successfully in the removal of phosphorus. Textbook

references that describe the use of these coagulants for water

treatment will often give hypothetical reactions that are similar to

the following. , .

Al2(S04)3*14.3H20 + 2P043- -^ 2AIPO4 i + SSOa^' + H.SHzO

FeCIa + PO43- - FeP04
i
+ 3CI-

3Ca{OH)2 + 2PO43- - Ca3(P04)2 j + 6 OH"

While In theory these reactions can occur, the predominant reactions

involving iron and aluminum ions with water is the hydrolysis
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reaction to form metal hydroxides. The removal of phosphorus is

considered to occur as a co-precipitation, or adsorption onto the

hydroxides that form.

A|3-»- + 3H20 - AI(OH)3i + 3H^-

Fe3^-^3H20 - Fe(OH)3|+3H+

These coagulants can be added at various stages in the treatment

scheme which is based on the design of the treatment facility. In

order to achieve high renrx)val efficiencies, approaching 90%, an

excess of coagulant is required.^ This excess contributes to

Increased sludge formation that is also higher in mineral loadings.

Further treatment of these sludges by anaerobic digestion has the

potential of releasing phosphorus back into solution which is then

returned to the influent of the treatment plant. The counter ions of

the coagulants may also pose a problem in terms of salt loadings or

elevated pH levels in the effluent.

Even employing these advanced methods, wastewater treatment may

not be efficient enough to meet Increasingly stringent discharge

limits. To make matters worse, the treatment plants themselves

are often beyond the capabilities of bcal authorities to maintain

and operate.^ Failures to meet regulated effluent discharge control

levels have prompted a demand for simpler, k)wer cost

technologies. ^0
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Natural Wetland Systems

Natural wetlands can occur as freshwater and saltwater marshes,

swamps, peat bogs, and cypress domes and strands. The application

of wastewaters to these systems has occurred for a long time due to

their location, but the purposeful treatment of wastewaters in

wetlands has only occurred since the 1970*sJ^ In the past, these

systems have been considered as suitable recipients of wastewaters

because of low human use and the perceived acceptability of

additional plant and algal growth associated with eutrophic

conditions.

The application of wastewaters to a receiving wetland will have an

effect on the natural ecosystem. In recent years the preservation of

our remaining natural wetlands has beconr)e a major issue. Their use

for wastewater treatment is now subject to regulatory

considerations and public concerns. The impact is not always

detrimental and there are cases where wetlands have been

successfully enhanced, restored, and created through the application

of wastewaters. 12 In cases where water treatment is the primary

goal, the use of natural wetlands is severely limited for the nfK>st

part since they are uncontrolled environments. The effectiveness of

treatment is highly variable and in many cases treatment areas may

be a little as 1 % of the wetland area.





Constructed Wetlands

The concept of using a constructed wetland (CW) for wastewater

treatment was pioneered in the 1950*s by SeideP^, and eventually a

system based on this research was patented in 1973. Interest in this

technology remained low until 1980. Since then, the most rapid

growth in the use of wetlands occurred in the U.S. between 1 988 and

1995, from approximately 150 sites in 1988 to well over 1000 sites

by 1995.^^ The advantages that are realized in an artificially

created wetland include the freedom to design, buikJ, and

control/modify the system to achieve specific goals.

CW systems have been employed in a wide variety of wastewater

applications that range from large sites, treating mine drainage, to

small post-septic-tank plots. For domestic wastewater

applications, CW require a significantly greater area of land in

comparison to conventional treatment plants, but are less expensive

to build, operate, and maintain. ^^ Due to the land requirements, CW

are best suited for small communities. Depending on the size of the

community, CW can be implemented as a treatment system in itself

or in combination with conventional methods.

There are two basic types of constructed wetlands, the first is

called a free water surface wetland (FWS). and the second is called

a subsurface flow wetland (SF).i5 All early designs were FWS

systems, while most of the systems developed since 1 988 are SF.

The FWS system is similar to a natural marsh with a soil bottom,

10
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emergent vegetation, and a water surface exposed to the

atmosphere. Wastewaters travel through this system in sheet fk>ws,

and nrK>st of the renfx)val is by settling. The soil bottom offers sites

for complexation of phosphorus and heavy metals. The SF system

uses a porous nriedium (i.e. rock, gravel, soil) in which emergent

vegetation is planted, and the water level is designed to remain

below the surface. SF systems can be subdivided into horizontal and

vertical flow systems. >
•- r

»

-

With the SF design, several advantages are realized over FWS

systems. The greater surface area of the substratum provides more

sites for interaction and increased support for microbial masses.

The wastewater flows through the rooted mass, allowing for the

uptake of nutrients to the macrophytes. Both oxkiizing and reducing

conditbns, that are necessary for nitrogen removal, will exist in the

substratum. Without spaces of open water, there are fewer safety

issues and nx)squito problems and they can be designed to operate in

cold climates. The only major disadvantage to SF systems is the

higher capital cost for materials and constructk)n.

It had been stated early in the devetopment of CW systems that many

researchers simply treated the wetland as a black box to whk:h

influent and effluents were measured.^ ^ Despite the warnings, this

approach, combined with design philosophies that have been

described as "seat of the pants**, has continued to prevail in the

field. ^^ A direct result of this approach is the generally poor

performance of CW systems for phosphorus renx)val (30-60%).^^ In

11





order to fully realize the treatment potential of these systenis, it is

vital to understand the coniponents of a wetland and how they

Interact.

Constructed wetlands can be considered as biological reactors as

the treatnient of wastewater occurs through a series of physical,

chemical, and biological processes. These processes include

sedimentation, filtration, ion exchange, nutrient uptake, absorption,

adsorption, bacterial and fungal dissimulation, nitrification,

denitrification, and bioconversion. In many cases the target goal for

using these processes is to form gaseous products from the

components of the wastes. Although the production of gaseous '

phosphorus species such as phosphine is known to occur in natural

wetlands and in sewage treatnnent facilities, the extent to whk:h

this happens in CW systems has not been examined.^ ^ For phosphorus

removal, CWs are considered to be storage systems and, as such,

without sonr)e sort of removal mechanism they will eventually reach

breakthrough conditions. This fact, combined with the generally poor

performance of most existing systems, has led some to suggest that

phosphorus renrK)val should not be a goal of a CW, or that a

preliminary or post wetland phosphorus removal step be used.^"**^®

Phosphorus Rennoval Processes ^

Phosphorus removal can be accomplished through four main

processes. These are filtration (settling), macrophyte uptake,

microbial action and substratum adsorption.

12





Filtration

Filtration rewowes phosphorus that is associated with suspended

solid matter, such as insoluble metal complexes and microbial floe.

However, as the microbial floe decomposes, the phosphorus can be

released back into the waste stream. Using an approach that

parallels traditional wastewater treatment, Manned suggested the

addition of iron or calcium salts to increase filtration efficiencies

through complexation with phosphorus. A system which used quick

lime obtained renx)val efficiencies in the range of 87-90%.20 if this

approach is taken, conskJeration must be given to the productk>n of

counter ions, increased costs, and the possible plugging of the

substratum.

Macrophyte uptake
1 f

Phosphorus is absorbed through plant root systenr^ mainly as

charged primary and secondary ortho-phosphate k>ns. Plants can only

be considered a temporary storage medium, as nutrients are released

back into the wastewater during dieback perbds.^^ Uptake occurs

during periods of active growth in warm seasons, when

eutrophication is most pronounced. Harvesting of plants is not

considered a suitable method of sustainable phosphorus renrK>val, due

to problems of access and the high labour costs Involved. ^^

Despite this generally accepted perception, Adier et a( ^^ recently

claimed that a harvesting scheme coukJ meet stringent discharge





levels. However, the system described required extensive

management to keep phosphorus as the limiting nutrient and

frequent harvesting was necessary. Phosphorus content was

measured only in terms of ortho-phosphate and the input loading

levels were already low. The system's viability was further limited

by significantly decreased phosphorus renfK)val efficiencies during

the 24 hour period following harvesting.

In terms of the overall constructed wetland performance, plants are

an essential component Plants act as an oxygen pump transporting

atnK)spheric oxygen to the root zone, providing an aerobic

environment. The subsurface plant parts ( stems, roots, rhizonries)

provide a support for microbial communities and nunf)erous contact

sites with their wastewater substrate.^3 jhe stems and leaves

above the water level provide a filter for sunlight, limiting algal

growth in FWS systems. When dieback occurs this canopy acts as an

insulator, preventing heat loss during coki periods.

Microbial action

Microbes also require phosphorus as a nutrient. On a dry weight

basis their ratio of C:N:P has been determined to be 100:5:1.24

Microbial organisms provide macrophytes with soluble phosphorus

ions by breaking down insoluble metal complexes and mineralizing

organo-phosphates.25 One of the biggest misconceptions to conf>e

from black box treatments is that microbial uptake is the prinrtary

mechanism of phosphorus removal.^^*^^ This can be questk>ned as a

14





there are no mechanisms available for the renrK>val of microbes. The

sustainability of this process requires a situation where the

microorganisms growth rate continuously outpaces their decay rate.

As constructed wetlands mature, an equilibrium should exist

between the growth and decay of organisnfis.

Substratum Adsorption i^ * , .f ^

•
.

.• -
. .

..-- --t

The fixation of phosphorus by adsorption onto the substrate is

widely considered to be the nfx>st important nriechanism in a

CwJ 1.14,21.23.27,28 The fixation is attributed mainly to the

presence of iron, aluminum, and calcium species present on the

surface of the substrate material. The factors which control the

fixation are hydrologic conditions, anaerobic and aerobic sites. pH,

and ionic strength. ^^ FWS systems using soil bottonris usually show

good phosphorus reoioval characteristics during the start of "

operations but the performance drops off as the limited binding

sites are used up. Soils rich in Fe. Al. or Ca have been tried in SF

designs but have failed, due to hydraulic flow problems. A system

using fine gravel, coated with iron oxides, has demonstrated

excellent phosphorus renfx>val efficiencies^^ and the use of

chemically nxKJified substrates that are coated with Fe and Al

oxides are recommended. ^ 4. i^.^S.

The three nrx)st recent applications of a substratum that have been

specifically chosen to maximize the phosphorus renfK>val have either

15





used locally available minerals, laterlte^^ and wollastonite^d,

which are rich in iron and/or aluminum oxides, or a manufactured

tight expanded clay aggregate (LECA)^® that is coated in calcium

oxide. The CW experinfient using laterite achieved an average of 93%

renrx)val efficiency over a 28 day test period. Results for

wollastonlte have only been for colunrm studies, where by

adjustnr)ents to column length and retention times. renrK)val

efficiencies of 90 % have been reported. While each of these

materials may have merit, their long term effectiveness has yet to

be demonstrated, and the local availability of materials may limit

their usefulness. As LECA is a product that is intentionally

manufactured for use in CWs, local availability should not be a

problem. Norwegian CW systems using LECA have achieved renfx>val

efficiencies ranging from 34 - 97% over periods of 3 years, however

the long term usefulness still remains unknown. One aspect of LECA

that may seriously limit its use is the effect that it can have on the

pH of the wastewater. Once the calcium oxide coating is exposed to

water it will quickly react to produce calcium hydroxide. Systems

employing LECA have initially produced wastewaters with pH values

of 11-12, however the pH levels did decrease with time to values of

pH8-9. ^ ,^

SWAMP Project

The SWAMP project was initiated in 1991 as a joint project between

the Friends of Ft. George and the Niagara Regk)n. The goals of the

project were to examine the use of CWs as a tertiary treatnrient

16





alternative for the polishing of Niagara-on-the-Lake*s secondary

sewage lagoon wastewater. The success of the CW systems was

based upon n^eeting a set of site specific requirenwnts. presented in

Table 2 » set by the Ontario Ministry of Environment and Energy.

Table 2: SWAMP Project Site Specific Requirements^





Experimental

Sample Preparation

Plant Material

Initial work concentrated on the developnr)ent of n^ethods to

determine the phosphorus content of wetland samples. Various plant

samples were collected for analysis from wetlands close to Brock

University. It was decided that the sample preparation technique

would be a wet acid digestion rather than thermal ashing. Small

samples (0.1 - I.Og) of plant material can be converted into aqueous

samples by heating the sample in various strong acids, or strong

acid and oxidizer combinations. This type of sample preparation is

not as time consuming, nor does it require the same amount of

handling, as dry thermal ashing. In additk>n, there is less chance of

analyte loss due to volatilizatbn, or mechanical transport, and a

reduced possibility of sample contaminatton.

The method developed for the digestion used nitrk: acid in

combination with hydrogen peroxide. The samples were first cut Into

small squares and then dried at 105 ^ for a period of 24 hours.

Small samples (0.1-0.5 g) of the dry plant material were then

weighed into lOOmL beakers. Nitrk: acid (10 mL cone.) was added and

the beakers were covered with watch glasses and slowly heated

until a mild reflux was attained. The heat was gradually increased

as the evolutk)n of the dense brown oxides of nitrogen started to

18





decrease. Each sample was then boiled down to ^S vnL and renrK)ved

from the hot plate to cool for a few minutes. Hydrogen peroxide (5

mL. 17.5%) was then added, and the beakers were slowty heated to a

fast reflux. Each sample gradually becan>e clear and colourless;

some samples retained a slight yellow tint The samples were boiled

until just enough solution renr^ined to cover the bottom of the

beaker, then they were renfX)ved from the hot plate. After cooling for

a couple of minutes, only a few drops of solution and a damp residue

remained. Three successive washings of -20 mL of 5% nitric acid

and 10.0 mL of potassium chloride solution (19.2%, required as an

ionization buffer), were transferred to 100 mL volumetric flasks

and diluted to the mark with 5% nitric acid. The entire process was

completed in under 4 hours, and yielded samples that ranged in

appearance from clear and colourless to a clear pale yelbw cok>ur.

Aqueous Samples , i . ,

,

Aqueous samples analyzed ranged from laboratory-prepared

solutions of ortho-phosphate to primary lagoon effluent from the

sewage treatnrient plant of the town of Niagara-on-the-Lake. 5.0 mL

aliquots of sample were transferred into small disposable culture

tubes. 1.0 mL of a stock solution containing nitric acid and KCI

buffer was added to each tube, which was then covered with

parafilm and inverted several times.

19





Analysis of Samples

The most common analytical technique used to analyze aqueous

samples for phosphorus is a spectrophotometric analysis of a

phosphonfx>lybdate-blue complex. 30 The v^rk of Dore and Kahn^i has

denx)nstrated that this technique is very matrix sensitive, and is not

ideally suited for our samples.

Plasma emission spectroscopy traditionally has not been the method

of choice for the analysis of phosphorus. A strong factor in this is

that the most sensitive emission lines at 213.618 and 214.914 nm

fall very close to strong copper emission lines at 213.598 and

214.897 nm. The next most sensitive line at 253.565 nm is

overlapped by a very strong iron line at 253.560 nm. Adequate

resolution is not provided by nrK>st comnfx>n spectrometers to allow

the use of these lines. The only useful interference-free emission

lines fall into the vacuum U.V. at 1 78.287 and 1 77.499 nm which

require either purged or vacuum optic systems. Various instrumental

and procedural approaches have been developed in order to determine

phosphorus, however they usually involve a compromise in areas

such as detection limits or speed of measurement.32-34

Direct Current Plasma - Atomic Emission Spectrometry

The determination of phosphorus and iron was perfornr^ed using a

Spectraspan V Direct Current Plasnna - Atomic Emission

Spectrometer. This system employs the Spectrajet III excitation

20





source which has three electrodes; two graphite anodes and a

tungsten cathode. nfX)unted in water cooled blocks. Argon is used as

the support gas which flows through ceramic sleeves around the

electrodes which are arranged so that the plasma is formed in the

shape of an inverted "Y**. Liquid samples are converted to an aerosol

and introduced into the "crook** of the plasnu. The high temperature

of the plasma and the thern^al pinch created by its shape result in

excitation temperatures in the range of 6000 to 7000 K. Samples

introduced into this region undergo desolvation, atomization, and

excitation.

The emitted light from the excitatk)n region is focused on the

entrance slit of the echelle spectrometer. The separation of the

light into the individual wavelengths is accomplished through the

use of two tandem dispersive elements, a prism, and an echelle

grating. With this arrangement a two dimensk>nal spectrum

comprising of order separation and wavelength is produced. The

resolution provided by the echelle grating spectrometer is typically

an order of magnitude better than normal spectrometers of the same

focal length. Providing that the sample matrix is not overly rk:h in

copper, the most sensitive 213.618 nm line can be used directly for

the determination of phosphorus

The detector/data system was highly nriodified from the original

design. With the new system, only the photomultiplier tube (PMT)

and its power supply were retained. Signals from the PMT were

amplified using potentiometer controlled comparator amplifiers. The
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amplified signal then went directly to a gain controlled 12 bit a/d

board nfx)unted in a 386 based PC. To control the system, a menu-

driven software package, similar to that found with nfx>st nrKxiern

comn)ercial plasma instruments, was developed in house. OfKe this

system was fully optimized It seemed, based on personal operator

experience, that an improvement in signal to noise had been

achieved. This perception was verified by nr)ethod detection limit

trials for phosphorus, which obtained values below reported

instrument detection limits (IDL) ( approx. 70 ng/mL MDL vs. 100

ng/mL reported IDL).

r.
,

••

•

Table 3: Operational Paranieters for the Spectraspan V DCP-AES

Plasma Jet





Table 3-Continued: Operational Parameters for the Spectraspan V

DCP-AES

Exit Slits

Wavelength/Order

).j>

1 00 /im (horizontal)

300 ^m (vertical)

P 213.618 nm/87

Fe 371.994nnfi/60

Detector





This technique is based on the use of a highly energetic, finely

focused beam of electrons that interacts with a sample surface.

Electron optics provide the ability to precisely control the electron

beam to scan the surface in a raster pattem. The hardware

components of a SEM will include an electron gun, electron optic

lenses, a sample holder, and a detector system. As with most

analytical techniques based on high energy particles, these

components must be contained in a high vacuum system to prevent

unwanted collisions with atnrK)spheric gases.

There are a variety of products that result from the interaction of

the bombarding electron beam with a sample, which include

reflected or backscattered primary electrons, secondary ejected

electrons, Auger electrons, and X-rays. For elenr)ental analysis, the

x-ray emission spectrum is obtained using an energy dispersive

detector system. ' '(^ ' ^ .1;' . i .

The main advantage of using X-ray emission is the relatively simple

spectrum that is obtained. The spectrum consists of peaks of

elementally characteristic photon energies over a large continuum

background {comn\ot\\y known as bremsstrahlung). The kx:atk>n of the

peaks correspond to the binding energies of the element's core

electrons, which are essentially independent of chemical state. The

magnitude of the peaks is directly proportional to the local

concentration of the analyte. The analytk:al usefulness is linfiited

and provides infornnation only on the top 1 000 nm of the sample, and
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detection limits are relatively poor due to the large background and

the competing Auger electron process.

Examination of the Possible Root Bed Media -

Activated Alumina Columns >' > '
'

Column experinrients were carried out to evaluate the ion exchange

capacity of activated alumina. Trials were conducted using ortho-

phosphate solutions (10 ppm as P) at pH 4.0, 5.0, 6.0. 7.0, 8.0 and 9.0

(±0.1 pH unit). The solutions had their pH adjusted just before they

were run. Six glass columns (6 mm i.d.), which had small plugs of

glass wool inserted, were packed with alumina (10 g). Each column

was washed with 50 mL of distilled water. The dead volunrie for each

column was determined by measuring the volume of sodium chtoride

solution (1%) that could be dripped into a graduated cylinder

containing silver nitrate (10%) until the foggy white AgCI

precipitate was observed. Each column was then washed with 250

mL of distilled water, followed by 250 mL of distilled water that

had the pH adjusted to the trial pH with dilute nitric acid and/or

sodium hydroxide. The initial dead volume was discarded and the

column eluent was collected in 5 mL fractions until 15 fractions

were obtained. The fractions and a 5 mL aliquot of each original

solution were prepared as previously described for aqueous samples,

and analyzed for the phosphorus content.
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Iron and Iron/Sand Columns

A glass column (19 mm l.d.). which had a plug of glass wool inserted

in the end, was packed with powdered iron ( 1 00 g iron shot, S - 70

mesh). A glass tube with a fritted end was fixed inside the column

with the frit just above the surface of the iron and the open end

connected to a compressed air source. The column was washed with

two 250 mL portions of aerated distilled water and left to sit

overnight. Aerated ortho-phosphate solutions (10 ppm as P), at a pH

of -6.5, were run through the column. Initially 70 mL of column

eluent was collected in 5 mL fractions. The total daily amount of

eluent collected was increased from 70 mL to 80 mL. then 1 00 mL,

collected in 1 mL fractions . Finally, the total volume of eluent

collected daily was increased to 200 mL, collected in 50 mL

fractions.

To evaluate the performance of an iron/sand mixture a column was

packed with 10 g quartz sand and 20 g powdered iron. The procedure

outlined in the previous paragraph was followed with a daily total

eluent volume of 70 mL, collected in 5 mL fractions.
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Performance of Substratum Media Modifications in a Constructed

Wetland

Lab Scale Wetland Using Powdered Iron: Indoor Trial

The lab scale wetland, shown in Figure 2, was constructed to

evaluate the performance of an iron/sand mixture in the removal of

phosphorus. Indoor lighting was supplied using a 400W high pressure

sodium light source.

Four cells were set up, two with external iron/sand beds, one with

an Iron/sand layer built into the planted ceN, and the fourth was

simply a planted quartz sand bed for comparison and control

purposes.

Wastewater obtained from the Niagara-on-the-Lake primary sewage

lagoon was brought to the lab in food grade 205 L plastic drums on a

weekly basis. A variable speed, single piston pump was used to

deliver the wastewater to the test cells. Initially a manifokj system

using equal length latex tubing with small pinch clamps at the ends

was set up to try to equalize the flow to each cell. This system

proved too difficult to manage and was modified into a spray

system. Small propipet tips were affixed into the ends of the tubing,

and then clamped onto retort stands at the front end of each cell.

The back pressure provided by the tips resulted in spray rates that

were within ±0.5 mL/min. for each cell. The pulsations from the

pump also created eltiptk:al spray patterns that covered
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approximately three quarters of the length and a third of the width

of each cell. A tinier was used to automate five daily spray periods

of one hour in duration.

Figure 2: Indoor Lab Scale Trial
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Occasionally wastewater shortages occurred due to delivery

problems, spillage, frozen drums etc. As a temporary measure,

potassium hydrogen phosphate and amnfx>nium chloride were added to

tap water to make a solution that was - Sppm phosphorus and --25

ppm amnx)nium. which was then mixed with any renr^aining

wastewater. Samples were collected from each cell and between

stages for the 2 stage cells. These samples were analyzed for the

total phosphorous and iron content.

Lab Scale Wetland Design (Figure 3)

Cell 1.2.&4.

Into Rubbermaid tubs (45x35x25 cm) which had drain spouts sealed

into the bottom of the front face, a 2 cm layer of 'Hadite*

(hydroponic growth medium) was placed and covered with

landscaping cloth. This cloth was then covered with a 1 4 cm layer of

quartz sand. Three 8-10 cm lengths of cattail rhizome were then

planted at equal spacing in the sand layer.

Cell 3.

Into a similar tub, the 1 4 cm sand layer was replaced by a 2 cm

quartz sand layer, followed by a 10 cm layer of 1:1 iron/sand (v/v)

which was then covered by a second 2 cm quartz sand layer. Three 8-
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10 cm lengths of cattail rhizome were then planted at equal spacing

in the top of the iron/sand layer.

External Iron/Sand Bed. sa.

M

Into similar tubs which only had the 'Hadite' layer at the front third,

a layer of 1:1 iron/sand (the same anrwunt as Cell 3) was placed.

s\ - i'CA

.^n

]
". f^p' )' '' 'A

'
V

K )^ (.
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Cell Description (Figure 4)

1

Cell 1 : Control - Consisted of a planted sand layer, over which

Influent waste from the sewage lagoon at N.O.T.L was sprayed. The

effluent from the cell was collected into a sample bottle placed in a

20L pail. ^

Cell 2: Iron/Sand Post Filter - Consisted of a planted sand layer,

over which influent waste from the sewage lagoon at N.O.T.L. was

sprayed. The effluent from the cell was then trickled onto the

surface of an iron/sand bed post filter. The effluent from the post

filter was collected as in Cell 1.

Cell 3: Internal Iron/Sand laver - Consisted of a planted sand-

iron/sand-sand layers over which influent waste from the sewage

lagoon at N.O.T.L. was sprayed. The effluent from the cell was

collected as in Cell 1.

Cell 4: Iron/Sand Pre-Filter - Consisted of an iron/sand bed pre-

filter over which influent waste from the sewage lagoon at N.O.T.L.

was sprayed. The effluent from the filter was then trickled onto the

surface of a planted sand layer. The effluent was collected as In Cell

1.

^ % .•*% -* >* V ^
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Cell 4
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Figure 4: Lab Scale CeH Layout
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Lab Scale Wettand Using Powdered Iron: Outdoor Trial

The cells used for the duration of the indoor trial were set up

outside and are shown in Figure 5. New plants were added to Celts 2,

3, and 4 while Cell 1 was left as an unplanted control. Priniary

lagoon effluent was introduced in the sanie n^anner as the indoor

trial.

SWAHP Site Pilot Scale use of Iron/Sand Post Filters

Due to restrictions on cell nxKJifications at the N.O.T.L SWAMP

project, the only option available for the evaluation of iron was to

test a post filter design. The effluent from two cells (test cells 1

8

and 20), which performed poorly in removing phosphorus, was

diverted to iron sand post-filters. The post-filters were constructed

using the halves of a 205 L plastic drum, shown in Figure 5. The

bottoms of the drums were covered with a layer of crushed storie,

landscaping cloth, 2 cm quartz sand layer, and then a 1 cm

iron/sand layer (1:1 by vol.). The filter for Cell 20 had an additional

2 cm of quartz sand added to the top to see if it would help prevent

the crusting and plugging of the surface. The wetland cells were Im^

in size, and the filters were 0.2 rr^. Initially, primary sewage was

applied at a rate of 60 lyday/cell. In order to conduct trials, not

related to this study, the application rate was doubled between

weeks three and four to 1 20 L/day/cell.
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Figure 5: Outdoor Lab Scale Trial
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Figure 6: Pilot Scale Trial at the SWAMP Site
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Results and Discussions

Activated Alumina too

Activated alumina. AI2O3, is comnrx>nly used in analytical chemistry

as an ion exchange medium for the separation and preconcentration

of ions. Soils rich in aluminum oxides generally have high phosphorus

fixing capacities. The aluminum mineral content of these soils is

often expressed in the form AI2O3. In soils the ion exchange capacity

is limited mainly by the hydrated aluminum oxides present on the

surface of the soil particle.^^ Using alumina, a maximum adsorption

was anticipated as the entire surface area was available for

exchange.
^'^'

Activated alumina is highly suited for the preconcentration of

phosphorus due to its high degree of stability, and its affinity for

the H2PO4' ion.33 The relative displacement order of common ions

has been determined to be 0H-> F" • H2PO4" • HSO4" > CrzOr^' >

Ch «N03' »CI04'. Sample pre-concentrations are normally carried

out in acidic medium, as is dictated by the relative order of the OH"

andH2P04" ions in the series.33-36 Successful applications of

sample pre^oncentrations have been carried out in the range of pH

~0.1 - 2. In a practical CW application, this pH range would be far

too acidic.

The predominance of the H2PO4" ion falls in the range of pH 2 to 7. It

was expected that as the pH decreased from pH 7 the ion exchange
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capacity for alumina would increase, until a oiaximum is reached.

Following an acidic pre-concentration, Epstein et a/. ^^ used a

distilled water wash on an ion exchange column and reported no

detectable analyte loss from the column. Given the predominance

range, and the probable increase in pH due to the water wash, it was

suspected that effective ion exchange could be accomplished at pH

values suitable for plant life.

Results of Activated Alumina Column Trials

The pH range from 4 to 9 was evaluated to determine the exchange

capacity in the pH range where plant growth could be sustained. The

results obtained for the alumina column trials are shown in Figure 7.

These results indicated that the ion exchange capacity increased as

the pH decreased, as expected. However, it was not effective enough

to be considered useful for the application in a CW.

The results from the trials were lower than expected. Soil

adsorption studies, which used alumina as a reference material,

found that at pH 5.6, alumina could adsorb 25 ^vno\ phosphate/g.37

This capacity corresponds to the anx)unt of phosphate contained in

780 mL (approx.) of test solution. The performance of the alumina

columns can be explained by the differences in the experimental

conditions. The soil studies used extremely fine alumina particles,

and they allowed the system to equilibrate for a period of 24 hours.

The columns used relatively coarse granular alumina, and the
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contact time for the solution with the alumina was on the order of

seconds.

Phosphorus Recovery for Alumina Columns
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Figure 7.
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V
Powdered Iron

Initially, the examination of powdered iron was due to its

availability. A 20 L pail of powdered iron was donated to the SWAMP

Project by D.B. Services Inc. (Campbellville. Ontario). Powdered iron

has been used in conventional wastewater treatment for the renfx)val

of phosphorus. 3 8-40 These processes require oxidizing conditions to

pronrK)te the corrosion of the iron to ferric hydroxide. Settling or

filtration is then employed to reniove the phosphorus that is

adsorbed or coprecipitated by the ferric hydroxide. Prior to this

project powdered iron has not been used as a substrate m b ON

application.

The results of the iron column test are shown in Figure 8.

Phosphorus was not detected when the daily application rate was

from 70 mL to 80mL. It was decided to increase the application rate

to push the performance of the column. The first detectable quantity

of phosphorus in the effluent occurred at 760 vnL, during

applications of 1 00 mL of solution. No further quantities could be

detected until 920 mL when 200 mL portions were applied. From this

point on, the column was observed to pass increasing anfx>unts of

phosphate with each subsequent fraction of a trial. The column was

able to regenerate overnight between trials, as the first fraction of

each day had a greater renfx)val efficiency than the final fraction of

the previous day.
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A scanning electron microscope (SEM) analysis was perfomried on

iron particles selected from the top 2 cm of the column. The

analysis revealed relatively high levels of phosphorus in the oxide

coating of the particles (Figure 9), while only trace anx>unts were

found on the iron particles free of oxide (Figure 10). These results

confirm that the generation of the corrosion product, ferric

hydroxide, is responsible for the fixation of the phosphate from

solution.

Ferric hydroxide has a higher phosphate binding capacity compared

to the mineral oxide forms of iron.^i.^2 Particles of ferric hydroxide

adsorb phosphate ions onto their surfaces.^ 3 jhe regenerative effect

of the column indicated that ferric hydroxide was continuously

fomried. A potential effect of this is the encapsulation of previously

adsorbed phosphate through agglonrieration. Encapsulation could

provide a greater adsorption capacity, and increased protection

against the desorption of phosphate that can occur in presence of

sulfides, or under reducing conditions.

As the column aged a hard crust formed on the top which eventually

caused the flow of liquid to decrease to the point where it was no

longer usable. The reduction in hydraulic capacity with time

Illustrates the need to consider factors such as the hydraulic

characteristics of the matrix to be enriched, and the relative anfKMint

of powdered iron to be added. Quartz sand that is used as a

substratum at the SWAMP site was chosen as a matrix to enrich on

the basis that it performed poorly in phosphorus renrwval. but had
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good hydraulic flow characteristics. When the iron powder was

nnixed with the quartz sand and packed into a column the flow rate

increased significantly. In order to obtain the S mL fractions, the

flow rate had to be reduced. This was accomplished by fitting a

piece of rubber tubing, restricted with a pinch screw, to the end of

the column. The increased flow rate and the use of considerably less

powdered iron (20 g vs. 100 g) resulted in a lower overall renfX)val

efficiency, from 98% to 88%.

Lab Scale Wetland

Indoor Trial

The phosphorus renfx>val performance of the indoor trials is shown In

Figure 11. All cells which used iron/sand in the matrix exhibited

significantly greater renrK>val efficiencies than the planted control.

Cell 2 had the highest overall renrx>val efficiency of at least 94%,

while Cells 2 and 3 were close, averaging at least 91% each. This

compares to an average removal efficiency of the planted control of

39%

There were some problems encountered using the iron/sand post

filters. The concentration of iron present in the effluent of the cells

is shown in Figure 12. This figure indicated that Cell 2. which used

the iron/sand as a post filter, occasionally had elevated levels of

iron of up to 6 ppm in the effluent. This effect was revealed by the

presence of reddish brown staining on the sample bottle for that
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Indoor Trial: Iron Concentration for Influent Waste

and Cell Effluent
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cell. Cell 4, which used the iron/sand as a pre-filter, was

susceptible to drainage problems due to the formation of a green

slime on the surface of the filter. The plugging of the surface

resulted in standing pools of the influent waste over the surface.

The effect of this is shown between the weeks of 2/28/96 and

3/20/96. where slightly elevated levels of P were detected in the

effluent. The drop in performance illustrates the importance of

having oxidizing conditions present to promote the corrosion of the

iron. Scraping the surface of the filter corrected the problem, and

the performance of the cell increased to a level comparable to the

other cells.

Intermediate samples were obtained between the external iron/sand

filters and the planted sand beds of Cells 2 and 4. Figures 13 and 14

show the concentration of phosphorus in the interrnediate sample

and final effluent for Cell 2 and 4 respectively. In Cell 2. the planted

sand bed renfX)ved 32% of the total input phosphorus. The iron/sand

filter renrwved 93% of the phosphorus from the planted bed, which

accounted for 63% of the total. The pre-filter used for Cell 4

removed 70% of the total influent phosphorus, while the planted

sand bed removed 42% of the phosphorus
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Plant samples obtained at the end of the trial were analyzed for the

phosphorus content in the centre portion of the broad leaf. The

plants In Celt 2. which had a direct application of influent waste,

had an average of 0.764 ± O.CX)9%. while the plants in Cell 3. which

were planted in the sand/iron matrix, had an average of 0.64 ±

0.05%. and the plants of Cell 4 had the lowest value of 0.507 ±

0.008% ( % P by dry weight)

Outdoor Trial

For the outdoor trials, the same cells were replanted, except for

Cell 1 . with cattails and set up on a large balcony at Brock

University. The material of the beds were retained from the indoor

trial in order to test the longevity of the iron/sand mixtures. Cell 1

was used as an unplanted control, and the intermediate sample from

Cell 2 was used as a planted control. The results of this trial are

shown in Figure 1 5. The results show an even greater efficiency of

renrK>val for all of the cells using iron/sand in the matrix. An average

efficiency of at least 97% was achieved for each of these cells. The

planted control had an average of 65% reduction, while, with the

unplanted control, 1 05% of the applied phosphorus was recovered in

the effluent.

Once the fitter was placed outdoors, the slime layer that had

accumulated on the pre-filter during the indoor trial quickly

shriveled up and peeled back, and no fk)w problems were observed
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Outdoor Trial: Phosphorus Concentration for Influent

Waste and Cell Effluent
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The post filter continued to have occasional discharges of iron in the

effluent in concentrations up to 6 ppn).

The results of the intemiediate and final effluent samples of Cells 2

and 4 are shown in Figures 1 6 and 1 7 respectively. For Cell 2 the

efficiency of the planted bed was much higher than in the indoor

trials, especially during the nrtonths of August and September. This

can be attributed to the significantly denser growth of cattails that

developed in the outdoor environnient (Figure 1 vs. Figure 4). The

iron/sand filters were also wore efficient during the outdoor trials,

which may be due to an increased anrK)unt of iron oxide present in the

filter beds as they aged. This was nfK)st pronounced for the iron pre-

filter of Cell 4 which increased from 70% to 93%. With the

significantly greater growth of the outdoor trial, it was observed

that the cattails grown in Cell 4, were significantly shorter than

those grown in the other cells. This trend correlates with the lower

phosphorus content found in the plants of this cell during the indoor

trials.

SWAMP Site Trial

Two of the test cells at the SWAMP site were equipped with

iron/sand post filters. This was the only arrangement that could be

tested due to research that was already in progress. The results of

the tests are shown in Figures 1 8 and 1 9. In these trials, the

removal efficiency was high initially. 91% for filter 18, and 73% for

filter 20, but decreased significantly after the sixth and seventh
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Outdoor: Cell 2 - Phosphorus Content In the Effluent

of tfie Planted Sand Bed and the Iron/Sand Post
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Outdoor: Cell 4 - Phosphorus Content In the Effluent

of tfie Iron/Sand Pre-Filter and the Planted Sand Bed
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week of the test respectively. There are several reasons which may

have contributed to these results. The filters were significantly

undersized relative to the lab scale tests. To n^ake matters worse,

the daily influent rate was doubled after the third week of the trial.

The additive effect of this increase resulted in post filters that

were on the order of one tenth the size of the lab scale tests in

terms of hydraulk: loading (60 cm/day vs. 6 cm/day). This loading

rate was too high for these filters, as standing pools of influent

were observed on the surface. It is quite possible that some of the

influent could have overflowed into the sample bottles, especially

for the fitter on Cell 1 8, which, because of a faulty seal, had its

effluent collected from the bottom lip of the barrel rather than the

spout. The influent to the filters was from the bottom of the cells,

and was probably anaerobk:, whk:h, when combined with the standing

pool problem, would not pronrx)te oxidation of the iron. The level of

Iron in the effluent never exceeded 0.2 ppm for either cell, which

demonstrates that the problem of iron in the effluent couki be

avoided by applying a small sand layer to the bottom of the filter.

Potential Benefits of Planted Iron/Sand Matrix

The use of powdered iron in the planted bed n^atrix couki take

advantage of the properties of the wetland plants. High

concentratk)ns of iron are naturally found in wetland areas. Under

reduced conditions the iron will exist in the ferrous form, whk:h in

high concentrations is toxk: to many plant species. Sonr)e wetland
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species are known to be tolerant to the toxic effects of iron under

these conditions/^*^^ The existence of observable iron 'plaques' that

are found on the root structures of the tolerant species led to the

assumption that the plants were oxidizing the ferrous Iron to

insoluble ferric forms by transporting oxygen to the root zoneJ 3

This effect has been confirmed, and it is thought to be a process

that the emergent plants use to control the uptake of iron.^^ The

exposure of the roots to an iron rich matrix may transport higher

than normal quantities of oxygen. This woukj assist in keeping the

iron sand mixture aerated. pronx)ting the formation of ferric

hydroxide. The penetration of roots into the iron/sand layer couW

also maintain good hydraulic conductivity

ft

r n

X' r.r»*.»r

»»

^1 > jn
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Conclusions

The use of powdered iron/sand mixtures for the enhchment of the

substratum of a constructed wetland dramatically improved the

renfK)val of phosphorus from wastewater compared to the planted

control. The powdered iron matrix can be used as an pre. or post

external filter, or in the planted bed itself, with no appreciable

difference In phosphate removal efficiency.

Using the iron/sand matrix externally from the wetland does require

nfx>re space and equipment, but has the advantage that existing CW

can be easily fitted with this type of system, and when all of the

iron has been used up, it can be easily replaced without disturbing

the planted beds. The post-fitter application appeared to have

healthier plant growth, and did not suffer any surface plugging

problems as did the pre-filter. In terms of overall wetland

performance the post-filter would probably be preferred to the pre-

filter design.

By using the iron/sand mixture in the planted bed of the wetland,

valuable space, equipment, and maintenance requirements can be

saved, but the long-term performance of the nrtatrix has yet to be

established. It is possible that the presence of the planted roots may

provide additional benefits with this arrangement.

The application of post filters at the SWAMP site demonstrated the

need to size the filter to the required hydraulic loading.
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Appendix A

Scanning Electron Microscope Analysis
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Physical Chintettv

Microscopy and Special Projects

Submission: Courtesy
Field Sample:

Lab Sample:

Authored By: 0. Lindow
Date: April 3, 1997

annnie: Old Column

• sample consisted of iron pertidet up to • nMunttf in tizt
• 9om9 coated with iron oxide
- selected 1 particles at random for analysis

• particles #1,4, ar>d 10 were coated or partnUy coated with
iron oxide

- x-r«y spectra were coflected for 100 sec. from general surface

of each particle (magnification 100X to 300x)
• x-ray map acquired for one pertide • phosphorus 9n6 iron

the elements of interest

Fresh Column

Ob—rvations

sample similar to above, same procedure used for particle

selection, however, for this sample five of the ten pertidet

selected were coated with iron oxide

• exemination of tttad>ed spectra ir>dtcates phosphorus was
present, in detectable concentrations, in areas where
partides were coated with oxide

• x-ray mapping indicated some phosphorus on pertides wTttwut

oxide coating but insuffiaent to be detected by an area scan
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Direct Current Plasma Atomic Emission Spectrometry
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Determination of Lead In Calcium Cartwnate By Hydride

Generation-Direct Current Plasma Atomic Emission

Spectrometry

Introduction

The determination of lead at trace levels by conventional direct

aspiration - atomic emission is known to have shortcomings in

terms of poor sensitivity and spectral interferences. The nrx>st

sensitive analytical emission line at 368.348 nm has a considerable

spectral overlap from calcium, and thus dictates the use of a less

sensitive emission line when determining lead in calcium carbonate.

The technique of hydride generation has been employed for several

elements, including lead, and can resolve the difficulties of direct

aspiration. The Pb(ll) in solution is first oxidized to a metastable

Pb(IV) and then reduced to the gaseous lead hydride, plumbane

(PbKU). with sodium borohydride. By forming the gaseous hydride, the

transport efficiency is increased from 1-20% to over 90% which

results in a net concentration effect. The analyte is effectively

separated from its sample matrix, therefor allowing for the use of

the most sensitive emission line.

Several reagent systems have been developed over the last 20 years

which have employed the use of strong oxidizing agents to enhance

the generation of plumbane with sodium borohydride. A recent paper

by Chen et a£^ describes a nr)ethod whereby potassium ferricyanide,

a relatively mild oxidant, is used with excellent results. This

method has been developed from that work, with nK>dificatk>ns for

the use of a gas liquid separator coupled with a direct current

plasma - atomic emission spectrometer. It shoukJ be noted that the

use of the d.c. plasnrw system can be replaced by other techniques

such as atomic absorptk>n with a heated quartz cell or inductively

coupled plasma.





Sample Preparation:

Each sample should be prepared in replicates of three, or in

accordance with laboratory QA/QC protocols. r
•»

Accurately weigh 5.000 g of calcium carbonate sample into a 100 mL
tall form beaker or Ertenmeyer flask. Add 10 mL of Dl water and

swirl. Keeping the fizzing to a minimum, sk)wly add 1 mL of 1 M
HCI solution by dropwise addition from a pipette, while swirling the

beaker. Once all of the acki has been added swirl the solution until

all of the solid has dissolved, then let the solution sit for

approximately 10 min. or until the liberation of gas bubbles has

ceased_

Using a pH meter with a resolution of 0.01 pH units, measure and

adjust the pH of the sample solutk>ns using the 10 M HCI or the 20%
NaOH until the sample pH is within 0.03 pH units of the 0.3 M HCI

stock solution. Transfer the sample to a 50 mL volumetrk: flask.

Wash the beaker with three 5 mL portk>ns of 0.3 M HCI and transfer

each portion to the flask, then dilute to the nuirk with the 0.3 M HCI.

Instrument Parameters:

Entrance Slit 50^m x 300/im

Exit Slit 1 0O^m x SOO^m
XPb '^

368.348 (283.306 opt) nm

Nebulizer Pressure 26 psig

Sleeve Pressure " 50 psig

Photomultiplier Voltage 1000V

Integrations 3x5 sec.

Hydride Generation Parameters:

Argon Flow 490 mL/min.

Sample Uptake 3.4 mL/min.

K3Fe(CN)6 Uptake 1.4 mL/min.

NaBH4 Uptake 2.2 mL/min.





\
Reagents:

Stock iead standard solution lOQQuq/mL - Transfer an accurately

weighed quantity of reagent grade or better Pt>(N03)2 corresponding

to Ig of Pb (1.598 g Pb(N03)2) into a 1 L volumetric flask. Add

approximately 500 mL of Dl water and swirl to dissolve. Add 20 mL
of cone. HNO3 and make up to the mark with Dl water. This solution

shoukJ be stable for 1 year and can be stored in a pre-cleaned plastic

bottle.

Stock lead standard solution lOOuq/mL - Pipette 10 mL of the 1000

^/mL lead solution into a 100 mL volumetrk: flask, add 4 mL of

cone. HNO3 and dilute to the mark with Dl water.

Stock hvdrochtoric acid solution 10 M - Dilute 250 mL of cone. HO
(12 M ) to 300 mL with Dl water.

Stock hvdrochtork: acid solution 0.3 M - Dilute 25 mL of cone. HO
(12 M) to 10(X) mL with Dl water.

Stock sodium hydroxide solution 20% - Dissolve 20 g of analytk:al

grade NaOH pellets in 80 mL of Dl water, then dilute to 1 (X) nf)L

Calibration standards and blank solutions - Into four 100 mL

volumetric flasks add 0. 1 0, 20, and 50 /iL of the 1 00 ^jg/wL stock

lead solution. Dilute to the mark with 0.3 M HCI. These solutk>ns

correspond to (blank). 10. 20. and 50 ng/mL respectively, and

should be prepared weekly.

Sodium borohvdride solution - Dissolve 4.0 g of NaBH4 into 200 mL

of 0.2% (m/V) sodium hydroxide solution. This solution shoukJ be

filtered prior to its use. and shoukJ be prepared daily.

Potassium ferricvanide solution - Dissolve 20 g of analytical grade

K3Fe(CN)6 into 500 mL of Dl water. This solutton shouW be stored in

a brown plastk: bottle, and shoukJ be stable for 1 year.
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FlQ. 1 : Schematic Layout of the Hvdride Generation System.

Analysis:

Potion A - Calibration Method

Start up the plasma and allow the instrument to warm up for a brief

period. Peak the instrunf)ent with a Pb solution using conventional

aspiration. Start the argon flowing through the gas-liquid separator,

and pump Dl water through all three channels until the water

reaches the drain level. Aspirate a 2% KCI solution through the

nebulizer an pump the borohydride. ferricyanide. and blank solutions

through their respective channels, and adjust the position of the

viewing region onto the entrance slit to the -1 position. Set up the

data system for calibratbn mode and enter the three standard

values. Introduce the low standard into the GLS and allow it to

stabilize for 30 - 45 sec. and take the reading. Introduce the mid,

then high standards in the same manner to obtain the calibration

data. Introduce the blank and then each sample in the same manner
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as the standards. After every three samples Insert a check standard

(the low. mid. or high) that should give a value close to those of the

samples. If the instrument has drifted the check standards can be

used to normalize the data. Compare the sample data to the

calibration plot to determine the sample concentratk>ns. At the end

of the analysis flush the GLS and the nebulizer by introducing Dl

water for at least 5 min. through all channels.

Ootfon B - Standard Addition Method ^:

Three samples are prepared in the manner described above, but are

initially not made up to volume. Number each flask 1 to 3. Add 0. 10,

and 20 /iL of the 100 i/L/mL stock solution to each respective flask,

then make up to volume. Start up. peak, and prepare the GLS as in the

above nf)ethod. Measure the emissk)n intensity of a reagent blank, and

then each sample in consecutive order.

Calculations:

Opt A . ^^

Plot the emission Intensity vs. cone, for the standard solutk>ns.

Compare the emission from the unknown samples to obtain the

sample solution values. In going from a solid sample to a solutbn a

lOx's dilution factor has occurred, therefore multiply the sample

solutbn value by 1 to obtain the concentratk)n of lead in the solid

sample.

Sample Solutfen Value (ng/mL) x 50 mL/5.00 g - Actual Cone, (ng/g)

Subtract the blank emisswn intensity from each of the three sample

intensities. Plot the resulting intensities vs. the concentration of

the spikes, with the concentration on the x-axis. The resulting plot

should be highly linear. Extrapolate the data to the negative x-axis.
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Where the line meets the axis is the negative of the saniple

concentration. Multiply that concentration by the dilution factor of

10 to obtain the actual concentration of lead in the solid sample.

Special Instructions for the Gas-Liquid Separator:

The gas liquid separator is an all glass vessel with a passive

drainage system which has the benefits of simplicity, relatively

snfuill dead volume, and a high sample flow rate capacity. The

dimensions are given in Figure 2. and it can be constructed by any

competent glass blower.

The Teflon insert should fit tightly In the top 5 mm tubing. The er>d

of the insert should sit 2-3 mm above the glass frit. If any sealirig

is required a high grade silicone sealant can be employed.

The manifold system is constructed using various sizes of pump
tubing to obtain the proper flow ratios. Small plastic 'T* connectors

are used to connect the tubing together, the mixing tube was a 1

cm piece of pump tubing, and the reaction tube was a 1 cm piece of

Teflon tubing that fits tightly into the Teflon insert.

The argon is obtained by the insertion of a T connector with a

stopcock in the argon transfer line to the nebulizer. It is then fed

through a flow meter with a high precision needle valve to control

the flow rate.

The drainage tubing should be kept as short as is feasible (10-20

cm) to keep the dead volume to a minimum. The drain tubing shoukj

be kept at the same angle as the drain to ensure consistent drainage.

The end of the tubing must be kept submerged in the waste beaker to

form an air lock.
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Sample 1 Water Aspiration
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Sample 2 Water Aspiration
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