AN INVESTIGATION IN THE USE OF SOLID PHASE MICROEXTRACTION GAS

CHROMATOGRAPHY-MASS-SPECTROSCOPY (SPME-GC/MS) FOR THE

ANALYSIS OF THMS FROM WATER SAMPLES

by

David Barter

A Thesis submitted in partial fulfillment of the requirements for the degree of Bachelor of

Science, Honours

Environmental Science, Grenfell Campus
Memorial University of Newfoundland

April 15, 2014

Corner Brook Newfoundland



Acknowledgments

I sincerely thank everyone for all the support through all the experiences | had during this project. |
especially thank Dr. Parkinson being there for me almost every step of the way and offering guidance
when needed. | would not be at the level | am today without his help. | also thank the excellent
Chemistry Department lab staff: Bobbi-Ann parsons, Wanda Ellsworth and Wade Goulding, for assisting
me wherever they could and help in keeping a light atmosphere in the laboratory. Thanks also go to
Wyn Rolls for assistance whenever Wanda or Bobbie-Ann were absent. Finally, special thanks go to my

loving girlfriend who was there to support me on especially stressful days.

Examination Committee: Supervisor: Dr. Don-Roger Parkinson, Examiners: Dr. Julian

Dust & Dr. Chen Liu.



Table of Contents

Abstract 1
1.0 Introduction and Literature Review 2
1.1 Trihalomethanes (THMs) 3
1.2 THM precursors 7
1.3 Sampling methods 9
1.4 Solid-phase Microextraction (SPME) as a Sampling Technique 10
1.4.1 Equilibrum Extraction Types Using SPME 12
1.4.2 Fiber Selection 14
1.5 Gas Chromatography/Mass Spectroscopy (GC/MS) 16
1.6 Ultraviolet/Visible (UV/VIS) Spectrophotometry 22
1.9Aims of the research 23
2.0 Experimental 23
2.1 Solvent Selection for THM Standards 24
2.2 Preparation of Standards for Analysis 25
2.3 Water Sampling Areas 26
2.4 Optimization of Extraction Parameters 29
2.4.1 Determination of Optimized Desorption Time 29
2.4.2 Determination of Optimized Extraction Time 30
2.4.3 Determination of Optimized Spin Rate 30
2.4.4 Determination of Optimized Sample Vial Temperature (°C) 30
2.4.5 Fiber Selection 31
2.5 Preparation of Natural Water Samples 31
2.6 UV/VIS Spectrophotometry 32
2.7 Optimization of the GC/MS 33

2.8 Sample Analysis 35




3.0 Results and Discussion

4.0 Conclusion

Literature Cited

36
3.1 Fiber Optimization and Selection 36
3.1.1 Determination of Optimized Desorption Time 36
3.1.2 Determination of Optimized Extraction Time 38
3.1.3 Determination of Optimized Spin Rate 42
3.1.4 Determination of Optimized ample Vial Temperature (°C)___ 44
3.1.5 Determination of Fiber Type for THM Analysis 46
3.2 THM Calibration Curves 47
3.3 Standard Addition plots 54
3.4 THM Concentrations in Natural Water Samples 62
3.5 Validation of Results by GC/MS 64
3.6 Validity of THM Standards and Calibration Curves 65
3.7 Validity of the Standard Addition Plots 67
3.8 Validity of the SPME Technique 68
69
71
74

Appendices

ifi



Abstract

Difficulties in sample preservation for semi volatile samples, like trihalomethanes
(THMs) in water, often limit the extent of water analyses that may be undertaken to
assess a particular water body. Analysis techniques such as liquid-liquid extraction and
purge and trap followed by ion exchange (IE) or by high performance liquid
chromatography (HPLC) that are currently used only just meet analysis regulatory
requirements. Hence, other techniques and their method development are needed to
quicken the sampling, extraction and analysis process times. A potential method that
may hold promise is the use of head-space solid-phase microextraction (HS-SPME)
sampling combined with gas chromatography-mass spectrometry (GC/MS) separation
and detection methods. This work has investigated this technique and a method has been
developed to assess concentrations of trihalomethanes (THMs) and their derivatives from
natural sources of drinking water that are used for the municipality of the Corner Brook,
Newfoundland area. Under laboratory conditions, surrogate THM standard samples to
include: bromodichloromethane (CHCI,Br), chlorodibromomethane (CHCIBr),
chloroform (CHCl;), 1,2-dibromoethane (C2H4Br»), and 1,2-dichloroethane (C,H4Cl;) of
known concentrations (200, 100, 50, 25, 10, 5, 2, and 1 ppm to cover the required
analysis range) in methanol samples were analyzed in stirred and sealed vials using head
space (HS-SPME) sampling. This was undertaken to fully optimize all sampling and
extraction condition parameters, which included (found optimized parameters): choice of
type of extraction fiber used (PDMS/DVB), stirring rate of samples (900rpm), extraction
temperature of the sample (25°C), extraction time required (4 min), desorption time of the
fiber in the GC injector port for analysis (2 min), and the determination of maximum
averaged equilibrium conditions for a number of THM analytes (4 min). Further, an
optimized temperature profile for separation by GC for the analysis of this set of THMs
was found to be: 30°C held for 5 minutes, followed by a ramp of 5°C/min to 50°C to give
a total run time of 9 minutes, when the GC injector port was set at 250°C, GC transfer
line to the MS was 240°C and the MS source was held at 200°C. Under the determined
optimized conditions water samples were taken from natural waters and analysed for their
THM concentrations. Concentrations in the natural water samples were measured at a
range of 254 ppb-4.42ppm with good detection limits (< 1ppm) and linear working range
(10-1 ppm) of the calibration data. RSDs for SPME extraction averaged between 4.17
and 11.6% for each THM component.

The ease of sampling and extraction of analytes from aqueous solutions by SPME
allows for quickening of the sampling and extraction step and hence an overall faster
analysis time. The utility of GC/MS allows for separation and subsequent
characterization of individual analytes from multiple component analytes. Further,
SPME affords THM analysis of the water samples to be carried out either in on-site or in
laboratory analysis situations.



1.0 Introduction and Literature Review

The presence of disinfection by-products (DBPs), such as trihalomethanes
(THMs), in natural water systems has been a major concern for human health.
Bromoform (CHBr3), chlorodibromomethane (CHCI,Br), chloroform (CHCl;), and
dichlorobromoethane (CHCI;Br) are typical THMs present in many natural water
systems. All of them are suspected of having carcinogenic effects: chloroform and
bromodichloromethane are included in Group B2 of the Intemational Agency for
Research on Cancer (IARC) cancer group classification, which means that they are
probable human carcinogens, whereas bromoform and dibromochloromethane belong to
Group C, possible human carcinogens.' THM concentrations in local drinking waters
need to be closely monitored as they can have adverse effects on the human body at
concentrations above 0.9 and 0.09 ppm (mg/L) for the liver and kidney respectively.? The
maximum allowable contaminant level of THMs, 80 and 100 ppb (ug/L), was set by the

US Environmental Protection Agency (EPA) and the European Union (EU) respectively.’

Every year, the Government of Newfoundland and Labrador releases a summary
of THM concentration levels present in 473 public water supplies around the island.*
Information given in the summary includes: community name, serviced areas, water
source name, average THM levels (ppb), type of water source, number of samples
collected, and last season sampled. Concentrations range from as low as <1 ppb to
upwards of 566 ppb, as is the case for Boland’s Pond in Keels.® The document includes
information on three ponds analyzed from the Corner Brook region which include Trout

Pond (158.15 ppb), Three Mile Pond (117.07 ppb), and Burnt Pond (140.75 ppb). A



detailed breakdown of the Newfoundland and Labrador THM data is shown in appendix

A.

Techniques used to study THMs in water include liquid-liquid extraction® and
purge-and-trap.® A HACH spectrophotometer has also been employed in the detection of
THMs.” Details on the HACH method for THM analysis is shown in Appendix B. THMs
must be analyzed within 14 days of sample collection.® Some preliminary tests have
shown that SPME might show promise for the sampling-extraction and analysis of
THMs.? A measureable loss of THM concentration has been measured after the 14 day
hold time."*) Hence it is important to use analysis methods that allow fast and simple
approaches of detection for THMs either directly from water or via a batch analysis that
can be accomplished within two weeks. In the latter case, water samples must be
preserved by sealing them in brown plastic sampling bottles and stored in refrigerators at

temperatures below 4°C.

1.1 Trihalomethanes (THMs)

Classic trihalomethanes (THMs) are halogenated methanes often found in natural
waters and sometimes in soft drinks.’ The four main THMs are bromodichloromethane,
bromoform, chlorodibromomethane, and chloroform. THMs can be formed during
chlorination of drinking water in a disinfection process, and are known as disinfection by-
products (DBPs). The major DBPs produced during chlorination are THMs, Haloacetic
acids (HAAs), haloacetonitriles (HANSs), haloketones, chloral hydrate, and chloropicrin,'
where the primary group is the THMs."" During disinfection, free available chlorine
reacts with dissolved organic carbon present in the drinking water. Reaction with the
humic and fulvic acids, being the majority of the dissolved organic carbon, produces

3



THMs in a haloform reaction.” The haloform reaction of free chlorine with a humic

model compound is illustrated in Figure 1.1.!
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Figure 1.1 Haloform reaction of 3,5-hydroxybenzoic acid at pH > 7.

THMs can be produced in the soil naturally.'’ A number for factors include
concentration of hydrogen peroxide and iron (11I), where the presence of iron (11I) is
essential in the formation of natural trihalomethanes. " Hydrogen peroxide can be
introduced to soils via rainwater at concentrations ranging from 2-40 ppt.” Hydrogen
peroxide in the system stimulates the release of bromodichloromethane,

chlorodibromomethane, and chloroform.'?

A potassium chloride salt also has a linear relationship with the THM
concentration.'® Although natural production of THMs may occur in the soil, their
volatility allows for natural transportation into natural water systems by passive diffusion

between the atmosphere and surface water. A hypothesized reaction for the formation of



THMs using catechol, resorcin, and hydroquinone as model compounds is shown in

Figure 1.2."
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Figure 1.2 Hypothetical degradation pathways of three model compounds in the

formation of trihalomethanes

The presence of bromide in a natural water system aids in the production of
THMs. Bromide concentration is generally less than 1 ppm in drinking water and on
average 100 ppb in surface waters./®'") Bromide ion can have a one electron transfer from
chlorine to form aqueous bromine. Typical chloride concentrations in surface waters are
10-30 ppm.'® However, concentrations will vary from one water system to the next. The

aqueous bromine then forms hypobromite and hypobromous acid, as shown in reactions

(1H-@3)."”
Claag) + 2Br'ag) = 2Clag) + Braag) ¢y
Bryaq «—» HOBr(q) + HBry) (2)
HBrgg <«—» Bro.(nq)+H+(aq) (3)



Hypobromite is a better brominating agent than hypochlorite for chlorinating.'?
Brominated THMs are produced through bromination of humic materials in the same way
chlorinated THMs are produced. The difference is that a much smaller concentration of

aqueous bromine is required for THM production when compared to aqueous chlorine.'®

Currently, the exact reaction mechanism for bromination or chlorination of humic
and fulvic acids is unknown due to the variability in their structures. Many factors
determine the extent at which THMs are produced. Factors may include the type and
concentration of natural organic matter (NOM), bromide ion concentration, chlorine form
and dose, pH, and temperature.'' Large particulate organic materials found in littoral
sediment produces THM precursors at a greater rate (0.33 pg/m*/day) than the smaller
particulate organic material found in profoundal sediments (0.010 pg/mzlday).16 The
increased load of THM precursors from littoral sediments may lead to increased
production of THMs upon chlorination. Bromide ion concentration can also affect the
THM concentration. The presence of the bromide ion can increase the production of
trihalomethanes,'® therefore a higher concentration of bromide ion in the water will lead
to high concentrations of THMs. Chlorine will affect THM concentration in a similar way
as the bromide: more chlorine used in the disinfection process produces more THMs if

there are sufficient organic materials present.

THM production is altered by pH changes. The haloform reaction (Fig. 1.1)
requires basic conditions (pH = 8).'> Therefore, reducing pH may reduce the production
of THMs from the haloform reaction. Reducing pH also increases the concentration of
haloacetonitriles present.'” In a situation where an analyst were to use pH as a regulatory

factor in the control of THM production, a fine balance would need to be found in order
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to ensure that the haloacetonitriles do not become problematic. Increased temperature
speeds up reaction rates and thus will increase the rate at which THMs are produced. In a
previous study looking at factors which affect disinfection by-product formation,
chloroform formation was increased as the temperature was increased from 10°C to

30°C.'
1.2 THM Precursors

Precursors for THM production are formed from many different sources in the
water system. These precursors can be categorized into two basic classes: naturally
occurring humic substances and non-humic precursors.'® Proposed structures for humic

substances are shown in Figure 1.3:1°

Fulvic acid carbon backbones

Humic Acid

Figure 1.3 Proposed structures for humic acid and fulvic acid carbon backbones.
Non-humic precursors are produced from algal and bacterial cells as well as both
living and decaying aquatic plants.'® The algal precursors are often produced in the form

of proteins which cannot be removed easily by coagulation and filtration.?



Humic substances constitute the majority of dissolved organic carbon (DOC) in
water systems, and thus play an important role in the production of THMs. The DOC
originates from aquatic macrophytes, algae, and terrestrial sources.”® Humic substances
tend to be large molecules with varying structures at a range of molecular weights.
Molecular weights range can range anywhere from 12,000 to 20,000 g/mol or greater.”'
Humic substances are made up of polymeric humic acids and smaller fulvic acids.

Humic acids refer to the fraction of dissolved organic carbon which precipitates at
low pH."® From Fig 1.3 it can be seen that they are polymeric in nature and can have
molar masses ranging upwards to 20,000 g/mol.>! An important property about humic
acids is that they are refractory, which will ultimately lead to their deposition in
sediments. '

Fulvic acids (Fig. 1.3) refer to low molecular weight acid soluble compounds.|9
This fraction of DOC tends to be smaller, simple molecules in the range of 12,000
g/mol.*!

Exact mechanisms for the production of THMs from humic substances are
unknown.” What is known is that the DBP formed depends heavily on the structure of
the initial humic material. The number and type of reaction sites on the humic substance
influence the type of DBP formed, where more electrophillic reaction sites influence the
formation of THMs over halo acetic acids (HAAs).? Functional groups known to
generate DBPs are hydroxyl, carbonyl, ester, and carboxylic acid ligands®® which contain
considerable chelating ability. Humic and fulvic acids are the most reactive of the humic
substances and are known to be involved in cationic and slightly polar organic pollutant

binding.?



One of the main techniques used to separate humic substances from other natural
organic matter is the use of ion exchange columns coupled with UV/VIS analysis.
Common ion-exchange resins for NOM fractionation are Supelite DAX-8 and Amberlite

XAD-4. Properties for these resins are shown in Table 1,1.[2429]

Table 1.1 Properties for DAX-8 and XAD-4 ion exchange resins

Properties Supelite DAX-8 Amberlite XAD-4
Matrix acrylic ester  styrene-divinylbenzene
Particle Size 40-60 mesh 20-60 mesh
Pore Volume (mL/g) 0.79 0.98
Sureface Area (m?/g) 160 750
Density (skeletal, g/mL) 1.23 1.08
Density (wet, g/mL) 1.09 1.02

DAX-8 is an adsorbent resin with moderate polarity and can be used for
compounds up to 150,000 g/mol.2* The resin is most commonly used for the adsorption
of humic and fulvic acids.** XAD-4 resins are polyaromatic adsorbents for small
hydrophobic compounds, chlorinated organics, phenols, surfactants, and
pharmaceuticals.” DAX-8 and XAD-4columns separates humic materials into very
hydrophobic acids and slightly hydrophobic acids respectively, effectively separating
out humic and fulvic acids. A direct relationship between total organic carbon and THM

precursor concentrations has been found.?’

1.3 Sampling Methods

Sampling is an integral part of any analysis. Conclusions based on laboratory
results from the best possible analysis may be invalidated because the original collection
of the samples was inadequate.® Two possible sampling techniques for water analysis is
spot sampling and time weighted averaging (TWA). Spot sampling is static sampling

technique which collects samples from specific points around a sampling area. The

9



samples are then analyzed on site or brought to a laboratory for detailed analysis. Time
weighted averaging (TWA) is a technique whereby THMs are monitored over a long
period of time, where episodic changes in THM concentrations are minimized. Unlike
spot sampling, which gives very limited estimates, TWA analysis gives a realistic
interpretation of the natural water system. Spot sampling essentially takes a picture of a
system. This picture is not representative of the system as a whole as changes may occur
over a wide time scale. Examples include small changes in pH, salinity, conductivity, and
dissolved oxygen. However, TWA requires a longer time period when compared to spot
sampling. A single sample analyzed by TWA may take up to a week, while a spot sample

can move through an analysis in a few hours.

Due to the need to develop quicker methods for THM analysis, this study will
look at THMs in natural water systems around the Corner Brook region using SPME-
GC/MS analysis with static sampling methods. The experimental portion will attempt to
analyze concentrations of THMs using newly developed methods to utilize SPME

sampling techniques.

1.4 Solid-phase Microextraction (SPME) as a Sampling Technique

Solid-phase microextraction (SPME) is a sampling technique which utilizes a
polymer fiber on the needle tip to separate the target analyte from its matrix (see Figure
1.5). SPME analysis is easy to use, efficient, cost effective, environmentally friendly, and
compatible with separation techniques such as gas and liquid chromatography. The
SPME device consists of a plunger, barrel, and needle assembly. The polymer fiber is

attached to the needle and can be withdrawn into the barrel with a simple pull of the

10



plunger. The ease of use when compared to other techniques such as high performance
liquid chromatography (HPLC) allows the technique to be very cost effective due to the
short operational time, and the fact that the fiber integrates sampling, extraction, and
concentration all into a single step.?® Each of the integrated sleps would normaily have to
be done separately by techniques such as sample collection via grab sampling, separation
via GC or HPLC, and concentration through distillation. As one can see each of these
preliminary steps is time consuming and therefore costly. With the integration of
sampling, extraction, and concentration into a single step, SPME is a quick and

potentially lucrative technique for the analysis of many substituents.

fiber sheath

{plerces seplum
of sampte vial

and GC Injector)

Figure 1.5: Componcnts of a SPME device and method of direct sampling.

SPME can be coupled with instruments such as HPLC or GC-MS for an accurate
determination of the analyle in question. The use of SPME coupled with GC-MS was
selected for this study due to its ease of use and accuracy of the results capable with the

technique.
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14.1 Equilibrium Extraction Types Using SPME

SPME is a solventless technique. The analyte is adsorbed onto the polymeric fiber
through an equilibrium process as shown in equation (6); reducing the cost of the
technique and waste produced in the experiment. Two main techniques are used with
SPME analysis: headspace extraction and extraction through direct contact with the
sample matrix. In direct extraction, the SPME fiber is exposed directly to the sample
matrix. The fiber is exposed to the matrix where the analyte is adsorbed onto the fiber in
an equilibrium process. In each process the distribution constant of the analyte between

the polymeric phase and matrix determines the time at which equilibrium will be reached.

In a gaseous matrix the temperature can have a large impact on the distribution
constant (Kg;). However, in knowing the temperature of the sample and the heat of

vaporization for the target sample, K¢; can be calculated by equation (4),
LogjoKgg = (AH'/ 2.303RT) + [logio(RT/y;ip*) - (AH" / 2.303RT*)] (4)

where p* is the analyte vapour pressure at known temperature T* and y; is the activity

coefficient of the solute in the coating.”®

In a liquid matrix, the fiber coating-water distribution is established by equation

(5),%
Kw = ngng &)

where Ky is the gas/water distribution for a given analyte and can be found in Henry’s

Law constant Tables. Both gas and liquid extractions utilize a direct equilibrium between

12



the matrix phase and the polymer. However in headspace extraction the relationship is a

combination of equillibria.

During headspace extraction one has to consider the multiphase equilibria in a
closed system. With a dissolved solid, as the case with dissolved organic carbon, there is
an equillibria between the aqueous phase containing the dissolved matter and the gaseous
phase of the headspace. Equilibria exist between the headspace of the sample container
and the polymeric fiber of the SPME sampling device. Although multiple phases are
present, the basis that the concentration of analyte in the aqueous phase equals the
concentration of analyte adsorbed onto the polymer still holds true. This is due to the fact
that the mass of analyte extracted by the polymer is related to the overall equilibrium of
the analyte in the three-phase system.2® Following the 3-phase equilibrium property that
the concentrations of analyte are equivalent between the aqueous and gaseous phases, the
total mass of analyte should then remain the same during the extraction process, shown

by equation (6).28
COVS = Cfvf + Cth + Csvs (6)

Co is the intial concentration of the analyte in the matrix; Cy, Cy, and C; are the
equilibrium concentrations of the analyte in the coating, headspace, and matrix
respectively; Vi, Vi, and V; are the volumes of the coating, the headspace, and the matrix
respectively.?® Knowing the concentration of analyte in each of the phases after
equilibrium will allow the analyst to find the initial concentration of the analyte before

equilibrium with the SPME fiber. Once the concentration of the analyte and the partition

13



coefficients is found for both the matrix to headspace (Kys) and headspace to fiber (Kp,)

equilibriums then the mass can be determined by equation (7).
n = (KnKnsViCoVs) / (KmKns Vi + KpsVi + V) (7)

The distribution constant for the matrix/headspace equilibrium is found by comparing the

concentration of the analyte in the two phases by equation (8).%
Kus=Cn/Cs (8)

Similarly, the distribution constant for the headspace/fiber equilibrium can be found by

equation (9).%
Kn=Ce/Cy, (9)

The above equations can be applied to the analysis of THMs by determining their original
concentrations in the water sample via the concentrations on the fiber due to its
relationship with the equilibrium concentrations found in both the headspace and the
sample matrix. Once the partition coefficients are found for each THM, then the original

concentrations are easily determined.
1.4.2 Fiber Selection

An important factor in any SPME analysis is the polymer type of the fiber on the
needle of the device. There are multiple fibers to choose from when deciding to do an
analysis. The range of fibers include poly(dimethylsiloxane) (PDMS), poly(acrylate)
(PA), poly(dimethylsiloxane)/poly(divinylbenzene) (PDMS/DVB), poly(ethylene glycol)/
poly(divinylbenzene) (Carbowax/DVB), and poly(ethylene glycol)/template

poly(divinylbenzene) (Carbowax/TR).?® Each of the fibers are available from Supelco.

14



Choice of fiber depends on the polarity and the molecular weight of the analyte which is

shown in Figure 1.6 and Table 1.3.2>%

Table 1.3 Fiber selection guide based on polarity of analyle

Analyte Type Recommended Fiber

Gases and low molecular weight 75 pm/85 um Carboxen/polydimethylsiloxane
compounds (MW 30-225)
Volatiles (MW 60-275) 100 pm polydimethylsiloxane

Volatiles, amines and nitro-aromatic 65 pm polydimethylsiloxane/divinylbenzene
compounds (MW 5§0-300)

Polar semi-volatiles (MW 80-300) 85 pm polyacrylate
Non-polar high molecular weight 7 um polydimethylsiloxane
compounds (MW 125-600)

Non-polar semi-volatiles (MW 80-500) 30 pm polydimethylsiloxane

Alcohols and polar compounds (MW 40- 60 um Carbowax (PEG)
275)

Flavor compounds: volatiles and semi-  50/30 pm divinylbenzene/Carboxen on polydimethylsiloxane
volatiles, C3-C20 (MW 40-275) on a StableFlex fiber

Trace compound analysis (MW 40-275) 50/30 pm divinylbenzene/Carboxen on polydimethylisiloxane
on a 2 cm StableFlex fiber

Amines and polar compounds (HPLC 60 um polydimethylsiloxane/divinylbenzene
use only)

7 um PDMS

100 ym PDMS
DVB-Carboxen
0 150

300 450
Anayio Molecuar Woight Range

Figure 1.6: SPME fiber selection guide based on analyte molecular weight.
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Fiber choice in the analysis of THMs must be made based on the polarity of the
THMs and not their molecular weight as they are all very similar in structure. The dipole
moments for chloroform, 1,2-dichloroethane, and 1,2-dibromoethane are 1.04, 1.48, and
1.11 respectively.®' The most useful fibers in extracting THMs are PDMS and
PDMS/DVB fibers. PDMS is a good choice as it has the advantage of being able to
extract both non-polar and polar compounds by adjusting the extraction conditions.?®
PDMS/DVB polymers are suitable in analyzing more volatile compounds.” THMs are

known to be volatile and thus PDMS/DVB would also be a suitable choice in fiber.
1.5 Gas Chromatography/Mass Spectroscopy (GC/MS)

Gas chromatography/mass spectroscopy (GC/MS) is a common technique used
for the analysis of THM components in natural waters.!’>”! Gas chromatography is a
separation technique whereby components are separated based on their affinities towards
the stationary phase bound to the column. A mixture of components is introduced to the
hot injector port by either direct injection using a gas syringe or by desorption from a
SPME fiber. An inert carrier gas carries the mixture of components through the column,
where they are separated based on their affinities to the column solid phase. Common
carrier gasses include helium, nitrogen, hydrogen, or argon.® A typical chromatographic

output is shown in Figure 1.7.
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3
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Figure 1.7 Chromatograph for the separation of three THM components

Each component is represented by a peak and each peak is assigned a retention time and a
peak area. The retention time is representative of the components affinity towards the

column while the peak area is representative of the component concentration.

The temperature of the column has an effect on the retention time and resolution
of the component peaks. The resolution is the distance between two peaks in a
chromatogram. Increasing the temperature decreases both the retention time and
resolution of component peaks. Temperature programming also has an effect on peak
resolution. If the temperature of the column is held constant through the entire separation
then early peaks are sharp and close together while late peaks tend to be low, broad, and

widely spaced.’ Temperature programming involves changing the temperature at fixed

17



intervals during separation to attain a maximum resolution between the sample
components.’> The temperature profile normally begins at a low temperature and
increases with time to both gain maximum resolution and to ensure all components elute

from the column.

It is important to choose the proper column type for an analysis since it has an
effect on the retention times, resolution, and sensitivity of the chromatogram. The actual
separation of sample components is effected in the column where the nature of the solid
support, type and amount of solid phase, method of packing, column length, and

temperature are important factors in the determination of the resolution.*?

There are two main types of columns: packed columns and capillary columns.
Packed columns are filled with adsorbent particles that retain components as they pass
through the GC. Properties of various porous polymer packings from Propak™ are
shown in Table 1.4.3 Each type of packing has three particle sizes which include 50-80

mesh, 80-100 mesh, and 100-120 mesh.
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Table 1.4 Characteristics of GC Propak™ porous polymer packings

*= high purity. DVB = Divinylbenzene; EGDM = Ethyleneglycoldimethacrylate; PEI =
Polyethyleneimine; ACN = Acrylonitrile; NV2P = N-vinyl-pyrollidinone; 4VP = 4-vinyl-
pyridine.

Max Surface area Tapped bulk
Polymer operating (m2/gram) density Composition Polarity
temp (granvcc)
. DVB*,

A 165°C 526 0.356 EGDM* 7
B 190°C 608 0.33 DVB/PEI 8
C 250°C 442 0.322 DVB/ACN 6
D 290°C 795 03311 DVB 1
N 165°C 405 0.355 DVB/EGDM 9
P 250°C 165 0.42 DVB/Styrene 3
Q 275°C 582 0.351 DVB 2
R 250°C 344 0.324 DVB/NV2P 5
S 250°C 583 0.334 DVB/4VP 4
T 165°C 250 0.381 EGDM 10

Wall-coated open-tubular (WCOT) columns, the simplest form of a capillary
column, are hollow fused-silica columns. A porous polymer is coated onto the fused-
silica column at a width of 10-30 pm to retain components as they pass through the
column.*® Wide bore columns give a good compromise between capillary columns and
packed columns. These wide bore capillary columns have a wide internal diameter
(0.53mm), thick polymer coating, and can be directly substituted directly for packed
columns due to their similar sample capacity and flow rates.** Properties for packed

columns, capillary columns, and wide-bore capillary columns are shown Table 1.5.3¢
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Table 1.5 Column types and their properties
1/8-in. Packed Wide Bore WCOT

Inside Diameter (mm) 2.2 0.53 0.025
Film Thickness (ptm) 51to5 0.25
Phase Volume Ratio (f3) 15-30 130 - 250 250
Column Length (m) 1to2 15-30 16-60
Flow Rate (mL/min) 20 5 1
Effective Plate Height (mm) 0.5 0.6 0.3
Effective Plates/meter 2000 1200 3000
Typical Sample Size I15ug 50 ng

A high degree of specific molecular identification can be achieved by interfacing
gas chromatography with mass spectroscopy.’2 A GC/MS setup is useful because
component peaks can be identified when it elutes from the column in the GC, decreasing
the required time for analysis. When the component leaves the GC and enters the MS, it
is bombarded with electrons and transformed into positively charged jons.*® This process

is shown in equation (10).35
A+e > At +2¢ (10)

The component ions are then accelerated and deflected by a magnetic field to effectively
separate out components and their fragments based on their mass to charge ratio (m/z).
Components with a low m/z ratio are deflected more than components with a high m/z
ratio. The component is then passed through a detector where it is identified based on its

molar mass (m/z ratio). A typical mass spectrum for chloroform is shown in Figure 1.8.
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Figure 1.8 Mass spectrum for molccular and fragmentation peaks of chloroform

Establishing the molecular structure of the peak component requires information
on the molecular and fragmentation peaks. The molecular peak corresponds to the
ionized molecule and gives the molecular weight of the component.”® Fragmentation
peaks correspond to the molecular weight of the fragment ions.>® Inspection of the mass
spectrum in Figure 1.8 for chloroform, with molar mass of 119.38, shows a molecular
peak at the 119 m/z ratio. This molecular peak is representative of the chloroform ion. As
chloroform is bombarded with electrons, fragment peaks at 83 and 48 are formed. The
peak at 83 represents a chlorine atom being cleaved from the structure since 119-83 = 36.
Further fragmentation can be seen at 47 m/z where a second chlorine atom is cleaved

from chloroform. The fragmentation reaction of chloroform is shown in reaction (11).
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CHCl;* ™, *CHCl, 41, *CHC] ey, *cH (11)
FW. 119m/z 84 m/z 49 m/z 14 m/z (Below mass range)

The analytical power for identification in a GC/MS setup makes the technique suitable

for the analysis of THMs.
1.6 Ultraviolet/Visible (UV/VIS) Spectrophotometry

Ultraviolet/visible spectroscopy is an analytical method which measures
concentrations of analyte based on the absorption of light. The technique is governed by

the Beer-Lambert law shown in equation (12).36

A=¢e*]*C (12)

A is the absorbance (unitless), € is the molar absorptivity (L*mol"*crn'l), 1 is the path
length (cm), and C is the concentration of analyte (mol*L™). Since the path length and
molar absorptivity are constants, the only value which can change is the concentration.
Therefore there is a direct correlation between the concentration of analyte and its
absorbance at low concentration. At high concentrations the molar absorptivity is no
longer constant, making the determination of analyte concentration impossible. The
UV/VIS technique will be used as a confirmatory technique to detect the presence of

THMs in sample standards. It will not be used as a quantitative technique.
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1.7 Aims of the research

The aim of this research is to investigate the development of a SPME extraction
method for the analysis of THMs from natural waters. The study will also look at analysis
of THMs using a gas chromatogram/mass spectrometer (GC/MS) to ensure quick

separation and identification of the THMs.

2,0 Experimental

Chlorodibromomethane and bromodichloromethane was purchased from Alfa
Aesar while chloroform, 1,2-dichloroethane, and 1,2-dibromoethane was purchased from
Aldrich, BDH AnalaR, and Acros Organics respectively. All standard solutions were
prepared in HPLC grade methanol purchased from Fischer Scientific. Each THM stock
solution had a purity of greater than 98% while the methanol had a purity of 99.97%. The

1.31

properties of each component are shown in Table 2.1.”" Uncertainties for equipment and

glassware used in the lab are given in Table 2.2.
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Table 2.1 Properties and constants of the chemicals used

A = Chloroform; B = 1,2-dichloroethane; C = 1,2-dibromoethane; D =
Bromodichloromethane; E = Chlorodibromomethane; F = Methanol

Compound A B C D E F
CAS Number 67-66-3 107-06-2 106-93-4 75-27-4 124-48-1 67-56-1
Mol. Weight (g/mol) 119.38 98.96 187.86 163.83 208.28  32.04
Density (g/mL) 1.492 1.2454  2.1683 1.983 2.42 0.7914

Boiling Point (°C)  61.5 834 1313 90 118 65
Melting Point (°C)  -63 -35.6 9.8 .57 .22 -97.5
Dipole Moment 1.04 1.48 111 1.31 2.87

Water Solubility  Slightly Slightly Insoluble Insoluble Insoluble Miscible
Ethanol Solubility Miscible  Very Very Very  Soluble Miscible
Henry's Constant 0.43 0.14 0.066 0.00212 0.00078

(atm*L/mol)

Purity (%) 99.9 99.5 99 98 98 99.97
Formula CHCl; C.H.Cl; C;HsBr, CHCl,Br CHCIBr, CH,OH
Supplier Aldrich AnalaR  Acros Aesar  Aesar  Fischer

Table 2.2 Uncertainties of the equipment and glassware used

Equipment Uncertainty in mL unless otherwise stated
10 mL syringe % 0.1

500 pL syringe =S pL

0.5 pL syringe = 0.0003 pL

100 mL Fisherbrand class A pipette + 0.08
50 mL Fisherbrand class A pipette +0.05
25 mL Fisherbrand class A pipette + (.03
10 mL Fisherbrand class A pipette + 0.02
5 mL Fisherbrand class A pipette +0.01

25 mL graduated Cylinder x 0.25
Mass balance + (0.0002 g
Thermometer +£0.5°C

2.1 Solvent Selection for THM Standards

Two solvents, a 10% methanol/water solution and a pure methano! solution, were
used to make up the THM standards. Solvent selection was done using a Beckman DU

7400 UV-VIS spectrophotometer. The 10%methanol/water solvent was added to a UV-
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VIS quartz cell and spiked with one drop of each: chloroform, 1,2-dichloroethane, 1,2-
dibromoethane, and 2-chloro-2-methylpropane. THMs added to the pure methanol
solution were diluted by adding one equivalent of each THM to 100 mL of solvent. Each
solvent was run along with a corresponding blank to ensure the matrix did not interfere
with the analysis. A solvent of pure methanol was chosen after comparing the

absorbencies of the two spiked samples. Results are tabulated in Appendix C.
2.2 Preparation of Standards for Analysis

Eight standards were prepared via serial dilution. An initial 200 ppm standard was
prepared by adding 200 pL of each THM component to 1L of HPLC grade methanol.
THM components added were: bromodichloroethane, chlorodibromomethane,
chloroform, 1,2-dichloroethane, and 1,2-dibromoethane. Subsequent standards of 100,
50, 25, 10, 5, 2, and 1 ppm concentrations were prepared in sealed 100 mL vials via serial
dilution from the original 200 ppm standard. A 40 mL headspace vial with a Teflon-
Teflon coated septum seal cap was then filled with 30 mL of the prepared standard for
analysis. Volumetric flasks were not used in standard preparation to avoid losses due to
the volatility of the THMs. Actual concentrations for the 200 ppm standard is illustrated

in Table 2.3.

Table 2.3 Actual concentrations of THMs in the 200 ppm standard

Compound Concentration

Chloroform 200PPM +3.58%
1,2-dichloroethane 200 PPM £ 3.58%
1,2-dibromoethane 200 PPM £ 3.58%
bromodichioromethane 200 PPM * 3.58%
chlorodibromomethane 200 PPM + 3.58%

25



Calculation for 200 ppm standard:
200 ppm = 200 mL / 1,000,000 mL = 0.200 mL/ 1,000 mL =200 uL/ 1L,

Uncertainty in 200 PPM standard = uncertainty of methanol addition + uncertainty of

THM addn. + uncertainty of transfer to 40 mL headspace vial.
= ((10*0.08 mL)/1000 mL + 5pL/200uL + (3*0.1 mL)/30 mL)*100 = 3.58%
Other calculations in the results were calculated similarly.

2.3 Water Sampling Areas

Sampling areas to assess THM concentrations were chosen in specific regions
around the city of Comer Brook. The areas with the highest concentrations of THMs in
Corner Brook, according to the 2012 NL Provincial Government Survey,* were Trout
Pond, Three Mile Pond (Third Pond) and Burnt Pond with estimated total THM
concentrations of 158.15 ppb, 117.07 ppb, and 140.75 ppb respectively. Hence samples
were taken from the same ponds (Trout Pond and Three Mile Pond) as the likely
detection of THMs was possible. Also rough estimates of the THMs were known and
were thought to be greater than the determined detection limit of our analysis and of
interest because they were above regulatory EPA and Canadian limits of 80 ppb. Such
sample concentrations were thought to be indicative of and would give a realistic of THM
levels in the surface water around Corner Brook. Locations for Three Mile Pond and

Trout pond are illustrated in Figure 2.1.
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Figurc 2.1 Sampling Locations for Trout Pond (left) and Three Mile Pond (right).

The X markings illustrated on each map represent sample locations where spot
samples were collected in duplicate. Circular markings represent sample locations where
spot samples were collected in triplicate. The description for each mark is lisied in Table

24.
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Table 2.4 Sample location descriptions for Trout Pond and Three Mile Pond

Silt = 0.004-0.031 mm’”; Sand = 0.0625-2 mm’”; Pebble = 4-64 mm’”; Cobble = 65-256

mm
Location Mark Number and | Description
Coordinates
Trout Pond 1 Samples taken from point of land
Lat: 48.92567 °N | extending from west side of pond.
Long: -57.89312 | Short grass around bank of land.
°E Bottom topography is sand and
pebble sized material.
2 Samples taken from left side of dock
Lat: 48.92522 °N | extending from south of the pond.
Long: -57.89273 | Trees, shrubs, and short grass on
°E bank. Bottom topography is sand,
pebble, and cobble sized material.
3 Samples taken from right side of dock
Lat: 48.92522 °N | extending from south of the pond.
Long: -57.89254 | Trees, shrubs, and short grass on
°E bank. Bottom topography is sand,
pebble, and cobble sized material.
4 Samples taken from point of land
Lat: 48.92573 °N | extending from east side of pond.
Long: -5789261 Short grass around bank. Bottom
°E topography is sand and pebble sized
material.
Three Mile Pond (Third 1 Samples taken from northwest of the
Lat: 48.93987 °N | pond by water intake. No vegetation
Pond) Long; -58.00831 | on bank. Bottom topography is silt

°E

with low density of decaying tree
leaves.

2

Lat: 48.94057 °N
Long: -5800631
°E

Samples taken from north of the pond
on an island spit. Lots of trees and
short grass on bank. Bottom
topography is silt with high density of
decaying vegetation.

3

Lat: 48.94128 °N
Long: -58.00505
°E

Samples taken from north-northeast
of the pond in shallow water. High
density of trees and short grass on
bank. Bottom topography is silt with
an intermediate density of decaying
vegetation.
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2.4 Optimization of Extraction Parameters

All extraction parameters were optimized using a THM standard prepared by
spiking 100 mL of 10% methanol/water in a sealed 100 mL vial with onc equivalent of
each: Chloroform, 1,2-dibromoethane, and 1,2-dichloroethane. A volume of 30 mL was
then added to a sealed 40 mL headspace vial equipped with a Teflon-coated stir bar for
analysis. Parameters optimized were temperature, spin rate, extraction time, desorption
time, and fiber type. All optimizations were done using a PDMS/DVB fiber with 60 pm
thickness supplied by Supelco. Headspace volume was held constant at 10 mL for each

analysis. The setup for the headspace extractions is illustrated in Figure 2.2.

Figure 2.2 Picturc of a SPME headspace extraction sctup.

2.4.1 Determination of Optimized Desorption Time

Desorption time was optimized using a 180 ppm THM standard. The
PDMS/DVB fiber was inserted into the headspace of the T11M standard for a two minute
extraction. The Fiber was then pulled into the needle of the SPME apparatus and the

needle removed and immediately transferred to the hot injector port of the GC.
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Desorption times of 30 seconds, 1 minute, and 2 minutes were tested. An optimized

desorption time of 2 minutes was measured to give the largest GC peak area.

2.4.2 Determination of Optimized Extraction Time

The THM standard utilized in the previous oplimization was employed for the
determination of optimal extraction time. The SPME fiber was exposed to the headspace
for a set time period and then immediately injected into the hot injector port of the GC.
Extraction times of 0.33, 0.66, 1, 2, 4, 8, and 10 minutes were tested. THM Peak areas for
each extraction time was plotted to create an extraction time profile. An optimized

extraction time of 4 minutes was determined to be optimum.

2.4.3 Determination of Optimized Spin Rate

The THM standard utilized in previous optimizations was employed for the
determination of optimal spin rate. An extraction was carried out at spin rates of 500,
700, 900, and 100 rpm. The SPME fiber was exposed 1o the headspace for an extraction
time of four minutes then immediately injected into the GC port. THM peak areas for
each extraction were plotted against spin rate. An optimized spin rate of 900 rpm gave the

best and consistent peak areas.

2.4.4 Dctermination of Optimized Sample Vial Temperature (°C)

The same 180 ppm THM standard utilized in previous optimizations was
employed for the determination of optimal extraction temperature. An initial temperature
was set at 20°C in an ice bath before extraction. When 20°C was reached the SPME fiber

was exposed to the headspace for exactly four minutes at a spin rate of 900 rpm. The
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fiber was then pulled back into the plunger and immediately transferred into the injector
port of the GC. Extraction temperatures of 25°C, 30°C, 35°C, 40°C, and 45°C were
tested. An extraction temperature profile was constructed by plotting peak arca against

extraction temperature. An optimized temperature of 25°C was selected.
2.4.5 Fiber Selcction

A new spiked 10% methanol/water sample containing one equivalent of each:
chloroform, 1,2-dichloroethane, and 1,2-dibromoethane, was prepared for the
determination of the optimal fiber type. The three fiber types tested were PDMS/DVB at
60 pm thickness, Carbowax/DVB at 70 pm thickness, and Polyacrylate at 85um
thickness. Before analysis, each fiber was conditioned according to the guidelines given
by Supelco. Each fiber was exposed 1o the headspace for exactly four minutes at a spin
rate of 900 rpm and temperature of 25°C. After extraction was complete, the fiber was
withdrawn into the SPME needle then immediately inserted into the hot injector port of
the GC where it was held for exactly two minutes. PDMS/DVB was chosen 1o be the best

fiber for extraction of THMs.
2.5 Preparation of Natural Water Samples

Fiftcen natural water samples were collected and filled to the top in 1 liter brown
sample bottles from Trout Pond and Three Mile Pond. After collection, all water samples
were analyzed for conductivity, pH, temperature, and dissolved solids. A volume of 25
mL from each sample bottle was added to a 40 mL headspace vial equipped with a Teflon
coated stir bar and a Teflon-Teflon coated septum cap. Each sample was stored in the

refrigerator at 4°C to reduce losses between analyses. Five samples were analyzed by
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SPME-GC/MS. Samples analyzed were 2, 3, and 6 from Three Mile Pond and 4 and 8
from Third Pond. Three mile pond sample 2 (3P#2) was sampled from the intake at the
northwest side of the pond. Three Mile Pond sample 3 (3P#3) was sampled from north-
north east near foliage. Three mile pond sample 6 (3P#6) was sampled {rom north of the
pond on an island spit with a large mass of decaying materials in the water. Trout pond
sample 4 (TP#4) was sampled from a point of land extending from the west side of the
pond. Trout pond sample 8 (TP#8) was sampled from the lefi side of the dock at the south

end of the pond.

Each of the five samples was analyzed in triplicate. Samples were spiked with
chloroform, 1,2-dichloroethane, bromodichloromethane, and 1,2-dichloroethane to give
concentrations of 1.2, 2.4, 6 and 12 ppm. A standard addition plot was constructed for

each THM present in the original water sample.

2.6 UV/VIS Spectrophotometry

The Beckman DU 7400 UV/VIS spectrophotometer was employed in the analysis
of the THM standards prepared via serial dilution. A blank of pure methanol was run
before each standard to remove matrix effects. Each standard was added to a quariz cell
then inserted into the cell holder of the UV/VIS for analysis. The UV/VIS method was
used as a validation method rather than an analytical method to ensure that the THMs
were dissolved in the solvent. Minimal absorbencies were found when running the THM
samples in a 10% methanol/water solution therefore the UV-VIS will not be employed in
the analysis of natural water samples. A picture of the UV/VIS setup is shown in Figure

2.3.
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Figure 2.3 Photograph of a Beckman DU-7400 UV/VIS spectrophotomcter.
2.7 Optimization of the GC/MS

All THM standards and water samples were analyzed using a Varian Star 3400
Cx / Varian Saturn 3 GC/MS combo. GC/MS parameters needed 1o be optimized before
an analysis could be completed. Following previous laboratory guidelines and course
laboratories dealing with THMs, optimal parameters were set and used for the entire
analysis. The GC/MS profile employed included an injector port temperature of 250°C
and a column transfer line temperature of 240°C with an in source temperature of 200°C.
Initial oven temperature was set to 30°C and held for five minutes. A final oven
temperature of 50°C was attained by increasing the temperature at a rate of 5°C / minute
{0 attain a total run time of 9 minutes. The GC temperature profile used is illustrated in

Figure 2.4.
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Figure 2.4 Optimized GC temperature profile utilized for THM analysis.

The mass spectrometer was tuned to read samples for the full 9 minutes.

Optimized temperatures of 211°C and 200°C were set for the manifold and ion trap

detector respectively.

The column employed was a medium polar DB-5, 30 meter silica glass column at
0.25mm thickness with a film thickness of 0.2um. The medium-polar column was
supplied by Supelco. All THM standards and water samples prepared in the laboratory

were analyzed using the set GC/MS profile. A picture of the GC-MS setup and is

illustrated in Figure 2.5.

34

Colunn Injector Xfer Line

(=8

258 °C




Figure 2.5 Photograph of the gas chromatograph/mass spectrometer

2.8 Sample Analysis

Headspace vials containing a Teflon-coated stir bar and 25 mL of sample was
placed inside of a beaker filled with water. A thermometer was placed in the water to
monitor sample temperature. The beaker was placed on a hotplate where a temperature of
25°C and spin rate of 900 rpm was set. The sample was given sufficient time to reach
equilibrium between the aqueous layer and the headspace. The SPME needle was then
inseried into the Teflon septum of the headspace vial and the plunger was pushed down
to expose the PDMS/DVB fiber to the sample headspace for 4 minutes. Afier the
extraction was completed, the plunger was depressed to pull the SPME fiber back into the
needle housing. The SPME apparatus was then immediately inserted into the hot injector
port of the GC, where the plunger was once again pressed down to expose the
PDMS/DVB fiber. The fiber was left in the injector port at 250 °C for 2 minutes to allow
for the THM components to completely desorb. The sample mixture was then separated

into the GC column over a period of 9 minutes. A complete sample analysis which
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includes equilibrium time, sample extraction, separation, and MS analysis, requires

approximately 25 minutes.

3.0 Results and Discussion

All data in the results were analyzed in triplicate (N=3) to test the quality of the
data. Any outlier points that failed the Q-test for small data sets will be present in Tables

but will not be presented in Figures or in calibration and other calculations.

3.1 Fiber Optimization and Selection

Accurate analysis of THM components requires optimal extraction parameters
when utilizing the SPME device. Desorption time, extraction time, spin rate, extraction
temperature, and fiber selection are parameters which need to be optimized for a

successful analysis.

3.1.1 Determination of Optimized Desorption Time

Desorption time is an important parameter which prevents carryover of THM
components. Any carryover present on the fiber will further contaminate the sample and
thus give a systematic error and non-reproducible results for any repeated analyses.
Desorption time is determined by a follow-up analysis of the blank SPME fiber after an
initial extraction is completed. The fiber is exposed again to the hot injector port until the
analyte is completely desorbed from the fiber, removed, and then re-injected after the
GCC/MS run is completed. This method ensures no carryover and therefore no cross-
contamination of sample analytes. A typical chromatographic output for desorption time

is illustrated in Figure 3.1.
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Figure 3.1 A GC spectrum a) showing three analyte peaks well resolved after
desorption of the SPME fiber b) Results from the SPME fiber being desorbed again,

where no analyte residuals are seen,
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3.1.2 Determination of Optimized Extraction Time

SPME extractions are based on three way equilibrium between the aqueous layer,
sample headspace, and SPME fiber. Once equilibrium is reached between the sample
headspace and SPME fiber, no further analyte is adsorbed in appreciable quantities.

Figure 3.2 represents three way equilibrium for the extraction of analyte X.

X = analyte

Figure 3.2 Three-way equilibrium for the headspace extraction of analyte X.
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The analyte remains constant and corresponds within experimental error to the

amount extracted at infinite extraction time (27), illustrated by equation (7).

CoVs=CiVe+ CpVy + GV (6)

n = (KpKnsViCoVs) / KpKusVi+ KV + Vi) (7)

The total concentration of analyte (Cp) remains the same during the extraction {eqn. 6).
Headspace and sample volumes also remain constant through the course of an extraction.
Therefore the total mass of analyte adsorbed depends on the distribution coefficients for
the partition between sample-to-headspace (Kys) and headspace-to-fiber (Kg,). At
equilibrium, these distribution coefficients are constant. Therefore the maximum mass of

analyte (n) which can be adsorbed becomes constant at equilibrium.

As illustrated in Figure 3.3, the slope of the line approaches a near zero state
around 4 minutes which is an indication of equilibrium conditions. The concentration of
analyte extracted after 4 minutes remains relatively constant, as illustrated by the peak

areas in Table 3.1

Table 3.1 GC/MS peak area and extraction time for headspace analysis of a 10%
methanol/water sample spiked with THMs using 60um PDMS/DVB fiber

Time  Peak Area (+ 5.2%)

(min) chloroform 1,2-dichloroethane 1,2-dibromoethane
0 0 0 0
20 seconds 33105559 49766469 33604713
40 seconds 31337763 42510309 35069495
1 34721464 53678533 41435134
2 33133996 34062803 38357145
4 31921216 43145305 37008450
8 31629529 43908552 36400051
10 31295629 43248064 35403094
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Figure 3.3 Extraction profile for headspace analysis of a spiked THM standard
using 60 pm PDMS/DVB fiber.

Peaks at the 1 minute extraction time are artifacts which may be present through
sampling errors. The artifact is illustrated by the 1,2-dibromoethane temperature profile.
The rapid rise in peaks at extraction times of 20 and 40 seconds corresponds 1o extraction
from the gas phase,?® followed by slow increase related to the mass transfer of sample
from water though the headspace to the fiber.?’ The normal shape of the curve should be
a slow decrease in slope until zero-slope conditions is achieved. Figure 3.4 illustrates the

normal shape of the curve for extraction from a gas phase (3).
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Figure 3.4 Normal curve associated with SPME extraction from sample headspace.

However at 1 minute, there is a sharp increase in peak area for all 3 THM
components. The 1,2-dibromoethane peak at 1 minute deviates from the typical decrease
in slope, giving an indication of an error in the peak area. The chloroform and 1,2-
dichloroethane peaks illustrate a sharp increase in peak area at 20 seconds, and a large
drop in peak area is shown after the initial 20 second extraction time. The peak area then
slowly increases until equilibrium is reached at 4 minutes. Such deviations may in part be
explained by volatility. As mentioned earlier, 1,2-dibromoethane (Ky = 0.066) has a plot
characteristic to that of SPME extraction from a gas phase. However both chloroform and
1,2-dichloroethane have larger Henry’s Law constants (0.43 and 0.14 respectively) than
1,2-dibromoethane. Therefore chloroform and 1,2-dichloroethane are more easily
distributed into the gas phase than 1,2-dibromoethane. This explanation is illustrated by
the peak areas at a 20 second extraction time, where both chloroform and 1,2-

dichloroethane have their largest relevant peak areas in their respective profiles and 1,2-
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dibromoethane has the lowest peak area in its extraction profile. THM component peaks
are not in equilibrium with the SPME fiber before 4 minutes, giving rise to noise in the

data peaks.
3.1.3 Determination of Optimized Spin Rate

The spin rate, of the Teflon coated stir bar, theoretically decreases the time to
reach equilibration between the sample headspace and aqueous layer. Equilibration times
for the analysis of volatile samples are fast and are frequently limited by the diffusion of
analytes in the coating.?® Therefore the total equilibrium time will depend mostly on the
partition of the analyte between the gaseous and aqueous matrices. The results obtained
in Figure 3.5 illustrates that the spin rate had little effect on the concentration of analyte

extracted.

Table 3.2 GC/MS peak area and spin rate for headspace analysis of a 10%
methanol/water sample spiked with THMs using 60um PDMS/DVB fiber

Spin rate Peak Area (+ 5.2%)

(rpm) Chloroform 1,2-dichloroethane 1,2-dibromoethane
500 30496817 39862959 35258010
700 28780316 38445421 34413529
900 29721730 40473603 34931312
1100 28789901 39000882 34915198
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Figure 3.5 Spin rate profile for headspace analysis of a spiked THM standard using
60 pm PDMS/DVB fiber.

Any small changes in peak areas are caused by experimental error (£5%). The
relative invariance of the peak areas can be explained by the equilibration time. During
analysis of spin rates an extraction time of 4 minutes was used, as determined by the
extraction time profile. The THM components will have already reached equilibrium by
the time the 4 minute extraction is completed. Variation in spin rate will not have an
cffect on peak areas once the equilibrium is reached, as agitation only serves to decrease
the initial equilibration time.?® If an extraction were to be completed in a shorter time
span than 4 minutes, then diminished peak heights would occur.

Time is required to reach that initial equilibrium between the aqueous phase and

the headspace before the SPME fiber can be introduced to the sample headspace.
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Agitation will reduce the time required for this initial equilibrium, and therefore reduce
the time in between replicate analysis.

Results show that spin rate can be selected anywhere between 500 and 1100 rpm
due to the relative invariance of the peak areas. 900 rpm was selected for two reasons.
The first reason is that the initial equilibrium time can be decreased relative to 500 and
700 rpm, since increasing spin rate decreases equilibration time.*? The second reason is
that using 900 rpm prevents splashing of the water onto the SPME fiber and this rate
could be accurately controlled by the heater stirrer mantle that was used. At higher spin
rate, for example 1100 rpm, the increased agitation resulted in the splashing of water

inside of the headspace vial which gives a systematic error.

3.1.4 Determination of Optimized Extraction Temperature (°C)

Increasing the extraction temperature theoretically decreases the time required to
reach equilibrium. However, data points shown in Figure 3.6 illustrate a decrease in peak
area as the temperature is increased. Increasing the extraction temperature decreases the
sample-headspace distribution constant (Kys) and thus decreases the concentration of
analyte adsorbed onto the fiber.2’ The relation between Kys and temperature is shown in

equation (13).29
Kns=Ky/RT (13)

Ku is Henry's Law constant, R is the gas constant and T is the temperature. The equation
illustrates that temperature is inversely related to the sample-headspace distribution
coefficient. A decreased Ky will affect the fiber-headspace distribution coefficient (Kg)

by equation (14),%
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K = [n(KpsVy + V)] / [V{CoVs = n)] (14)

Kys is directly correlated with K. A decrease in K¢, lowers the mass of analyte (n) which

can be adsorbed to the fiber.

Table 3.3 GC/MS peak area and spin rate for headspace analysis of a 10%
methanol/water sample spiked with THMs using 60um PDMS/DVB fiber

Temperature (°C) Peak Area (£ 5.2%)

(= 0.5°C) Chloroform 1,2-dichloroethane 1,2-dibromoethane
20 29963194 41876318 33549914
25 28187853 39667428 32838354
30 28591532 38897843 32540786
35 28491732 38599406 31645136
40 27851511 32131574 31193131
45 28399811 29686659 29349922
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Figure 3.6: Extraction temperature profile for headspace analysis of a spiked THM
standard using 60 pym PDMS/DVB fiber.
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Since THM concentrations are low in natural waters (<100 ppb)," the highest
concentration possible must be extracted. The highest concentrations are extracted at
20°C, as illustrated in Figure 3.6. However, an ice bath is required to reach 20°C.
Temperatures moderated by an ice bath could not be held stable for long periods of time
for a number of samples. Therefore an optimized extraction temperature of 25°C was
utilized. A 25°C temperature is around the laboratory room temperature and is easily held

constant with the use of a hotplate, allowing for reproducible analyses.
3.1.5 Determination of Fiber Type For THM Analysis

The affinity of the analyte towards a specific fiber will affect the concentration of
analyte extracted. Therefore it is important to select the proper fiber type based upon the
analyte. Three fibers (PDMS/DVB, Carbowax/DVB, and polyacrylate) were tested
toward their ability to extract THMs. Carbowax/DVB fibers are known to be able to
extract alcohols and polar compounds while polyacrylate fibers are better suited for polar
semi-volatile compounds and PDMS/DVB fibers have been used in the literature®® to
extract volatile components. Results showed (Table 3.4 and Figure 3.7) that the
PDMS/DVB fiber gave the highest extraction rates of the three fibers tested and hence

this fiber was used throughout for this research.
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Table 3.4 GC/MS peak area and fiber selection for headspace analysis of a 10%
methanol/water sample spiked with THMs.

Peak area (= 5.2%)
Component PDMS/DVB (60 wn) Carbowax/DVB (70 pm) Polyacrylate (85 pm)
Chloroform 30573280 22596207 14578888
1,2-dichloroecthane 44577267 22659909 13211724
1,2-dibromoethane 26874857 14957521 8295135

50000000 1

45000000

40000000 -+

35000000 1

30000000 T

® PDMS/DVB
®m Carbowax/DVB

25000000

Peak Area

20000000 -

o Polyacrylate
15000000

10000000 | -

5000000

0

Chloroform 1,2-dichloroethane 1,2-dibromoethane

THM Component

Figure 3.7 Fiber sclection profile for headspace analysis of a spiked THM standard.

3.2 THM Calibration Curves

Figures 3.8-3.12 show calibration curves that were created from: chloroform, 1,2-
dichloroethane, bromodichloromethane, chlorodibromomethane, and 1,2-dibromoethane

via serial dilution in sealed vials. These were used to determine the concentration of
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THMs in the natural water samples as a comparative study against standard addition
plots. Calibration curves are plotted from a range of 10-1 ppm. Therefore any Q-test

results will pertain to that data range.

Table 3.5 GC/MS chloroform peak areas using 60 um PDMS/DVB

Concentration (ppm) Pecak Area (= ppm%) RSD (%) Q-test (90%)

200 * 3.58% 4190215 6.34 pass
100 + 5.68% 2065144 8.97 pass
50.0+ 7.78% 930511 9.54 pass
25.0+9.88% 513212 5.60 pass
10.0+12.18% 164280 8.29 fail
5.00 + 14.28% 41418 21.2 pass
2.00x 16.58% 11139 13.9 pass
1.00 £+ 18.68% 3492 224 pass
45000
40000 4

: e — y =7762x
- P R? = 0.9585
30000 .
25000 - - -
20000 + I

¢ Chloroform

15000 -
10000 -_./_..Z_L .
5000 | -

/ *
0 - T T T T T 1

o 1 2 3 4 S 6
Concentration {(ppm)

Peak Area

Figure 3.8 Chloroform calibration curve at a concentration range of 5-1 ppm.
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Table 3.6 GC/MS 1.2-dichloroethane peak areas using 60 uym PDMS/DVB
Concentration (ppm) Peak Area (= ppm%) RSD (%) Q-test (90%)

200 + 3.58% 4264940 8.38 pass
100 £ 5.68% 1797339 7.16 pass
50.0% 7.78% 750845 5.05 pass
25.0+ 9.88% 439689 9.38 pass
10,0+ 12.18% 133287 7.35 pass
5.00£ 14.28% 29829 22.9 pass
2.00+ 16.58% 7190 259 pass
1.00 + 18.68% 5464 42.7 pass
35000 y —mm—m——— e
30000 g
25000 -
$ 20000 {——— — e
<
"
& 15000 7
10000
5000 -
0 e
3 4 5 6

Concentration {(ppm)

L

y = 5633x
R?*=0.9627

@ 1,2-dichloroethane

Figure 3.9 1,2-dichlorocthanc calibration curve at a concentration range of 5-1 ppm.
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Table 3.7 GC/MS bromodichloromethane peak areas using 60 pum PDMS/DVB

Concentration (ppm) Peak Area ( ppm%) RSD (%) Q-test (90%)

200+ 3.58% 4846816 7.72 pass
100 & 5.68% 1965501 7.90 pass
50.0 £ 7.78% 911200 2.59 pass
25.0+ 9.88% 530294 6.25 pass
10.0+ 12.18% 154240 5.26 pass
5.00 £ 14.28% 48450 64.9 pass
2.00+ 16.58% 6584 16.5 fail
1.00 £ 18.68% 8814 38.0 pass
180000 +—
160000 ~ —

y = 14234x
140000 /4—— R? = 0.9543
120000

100000 -

Peak Area

80000 @ Bromodichloromethane

60000

40000 +

20000

¥ T 3

0 2 4 6 8 10 12
Concentration (ppm)

Figure 3.10 Bromodichloromethane calibration curve at a concentration range of
10-1 ppm.
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Table 3.8 GC/MS chlorodibromomethane peak areas using 60 pm PDMS/DVB

Concentration (ppm)  Peak Area (= ppm%) RSD (%) Q-test (90%)

200+ 3.58% 3111040 8.04 pass
100 + 5.68% 1357871 4.04 pass
50.0+ 7.78% 6300615 2.38 pass
25.0+9.88% 414714 10.4 pass
10,0+ 12.18% 102325 4.13 pass
5.00+ 14.28% 58411 13.5 pass
2.00 + 16.58% 22516 3.07 pass
1.00 £+ 18.68% 11352 3.13 pass
120000
y = 10551x
R?=0.9936
100000 +— —
80000 - -
; .
% 60000
o @ Chiloraodibromomethane
40000 +
20000 +——

6 8 10 12
Concentration (ppm)

Figure 3.11 Chlorodibromomethane calibration curve at a concentration range of
10-1 ppm.
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Table 3.9 GC/MS 1.2-dibromoethane peak areas using 60 um PDMS/DVB

Concentration (ppm) Peak Area (= ppm%) RSD (%) Q-test (90%)

200 = 3.58%
100 £ 5.68%
50.0 = 7.78%
25.0 £ 9.88%
100+ 12.18%
5.00 + 14.28%
2.00+ 16.58%
1.00 + 18.68%
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4190342
1654005
752601
402888
111992
53369
23571
12756

4.04
3.36
1.25
8.46
7.23
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1.41
1.25

/

pass
pass
pass
pass
pass
pass
pass
pass
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Figure 3.12 1,2-dibromocthanc calibration curve at a concentration range of 10-1

ppm.
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Table 3.10 Summary of calibration curves with eguations of lines and R? values

Component Line Equation  R? Detection Limit (ppm)
Chloroform y=7762x  0.9585 0.413
1,2-dichloroethane y=15929.5x 0.9627 0.285
Bromodichloromethane y=16746x 0.9543 0.939
Chlorodibromomethane y=13189x 0.9936 0.161
1,2-dibromoethane y=12365x 0.9987 0.0456

The calibration curves were all linear with a correlation coefficient ranging from
0.9543 to 0.9987. The intercept was set at (0,0) because there is no signal at zero
concentration. Detection limits were found to be 0.413, 0.285, 0.939, 0.161, and 0.0456
ppm for chloroform, 1,2-dichloroethane, bromodichloromethane, chlorodibromomethane,
and 1,2-dibromoethane respectively. Data taken from the Newfoundland Government
THM survey of natural waters show total THM concentrations in Trout Pond and Three
Mile Pond at 158.15 ppb and 117.07 ppb respectively. The concentrations are well below
the detection limits found for the chloroform, 1,2-dichloroethane, and
bromodichloromethane calibration curves. However, the detection limit for the 1,2-
dibromoethane calibration curve is below the THM concentrations found in both Trout
Pond and Three Mile Pond, while the detection limit for chlorodibromomethane was just
above the THM concentrations.

The linear working range for each calibration curve was found at a concentration
range of 10-1 ppm with agreeable correlation coefficients. A full concentration range of
200-1 ppm was not used due to the loss in linearity which can be explained using the beer
lambert law in section 1.8. The molar absorbtivity is linear at low concentrations,
allowing for a linear relationship between the instrument response and concentration.
However, at high concentrations (>50 ppm) the molar absorbtivity is no longer constant,

resulting in a non-linear relationship between instrument response and concentration.
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Accurate results cannot be determined from the calibration curves. First, percent
uncertainties are too high for the lower concentration range of the calibration curve. The
1ppm standards have an 18.7% uncertainty associated with them and as a result, any
concentrations obtained from the calibration curve would not be representative of the
actual THM concentrations in the water samples. The high percent errors are due to the
method used for serial dilution in standard preparation. All standards were prepared in
sealed 100 mL flasks then transferred to 40 mL headspace vials for analysis using a 10
mL and 500 puL syringe. Transfer to and from the 100 mL flasks also has an associated
percent error. Preparation of the 200 ppm standard alone has a 3.6% uncertainty
associated with it. As with all serial dilutions, the percent error increases as more and
more standards are made. Standards were not produced in volumetric flasks due to loss of
THM from transfer of sample between flasks. The use of volumetric flasks would have
reduced the percent error substantially.

The second reason that the calibration curves cannot be used to obtain accurate
results is that the detection limits, with the exception of 1,2-dibromoethane, are above the
recorded THM values for Three Mile Pond and Trout Pond. A detection limit is the
lowest quantity of substance that can be distinguished from the baseline noise. Anything

below that detection limit cannot be accurately determined.

3.3 Standard Addition Plots

Natural water samples were analyzed by use of the standard addition method. Each water
sample was spiked with a known concentration of THM then run in triplicate. Standard
addition plots for each water sample are illustrated in Figures 3.13-3.17. Tables 3.12-16

give the average peak areas for each sample spike. Chemical parameters, including
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dissolved solids, pH, temperature, and conductivity were measured before analysis to
assess the chemical properties of the water. The chemical parameters will not be used in

the quantitative analysis of THMs. Results are listed in Table 3.11.

Table 3.11 Parameters for natural water samples taken from Three Mile Pond and Trout
Pond

Conductivity pH% 0.02 Temperature Dissolved Solids
Trout Pond Samples  (uS/cm)= 0.1 pS/cm (°C)+ 0.5°C (mg/L) %1 mg/L
1 47.9 6.01 6.90 118
2 46.1 6.34 6.50 21
3 45.0 6.39 4,70 20
4 62.7 6.40 6.80 29
5 65.1 6.47 8.30 30
6 65.4 6.53 7.90 29
7 66.7 6.62 9.50 31
8 45.8 6.26 9.40 28
Three Mile Pond
1 65.9 6.35 10.00 31
2 66.2 6.60 9.20 30
3 65.5 6.67 9.20 30
4 66.8 6.78 10.20 30
5 64.6 6.84 10.40 29
6 65.2 6.88 9.90 30
7 64.9 6.89 11.30 29

Table 3.12 Three Mile Pond Sample 2 THM peak areas

Concentration Component Peak Area

{(ppm) Chloroform RSD 1,2-dichloroethane RSD  Bromodichloromethane RSD
0 35343 1% 792%  6387x1% 4.39% 1260 + 1% 5.71%
1.2 232812+ 1.8% 10.0% 1257289+ 1.8% 2.98% 98847 £ 1.8% 5.92%
24 307755 £ 2.6% 15.1% 3107030+2.6% 122%  2863473£2.6%  4.54%
6 10378394+ 3.2%  3.66% 6669961 £3.2% 147% 19814193+ 32% 4.14%
12 15810445 £3.4%  2.50% 11287165+3.4% 5.71% 27874688+ 34% 4.04%
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Figure 3.13 Three Mile Pond sample 2 standard addition plot

Table 3.13 Summary of standard addition plots for 3P#2 with equations of lines and R?
values

Component Line Equation R? Detection Limit (ppm)
Chloroform y= 1E+06x + 35343 0.9252 0.441
1,2-dichloroethane y=985065x+ 1260 0.9830 0.390
Bromodichloromethane y=2E+06x+ 6387 0.9313 0.534

The standard addition plots for Three Mile Pond sample 2 were found 1o be linear
with a correlation coefficient ranging from 0.9252 to 0.9830. Detection limits of 0.441,
0.390, and 0.534 ppm were measured for chloroform, 1,2-dichloroethane, and
bromodichloromethane respectively. Each of the detection limits are above the total THM
concentrations measured in Three Mile Pond. Therefore accurate results cannot be
quantified from this sample. Peak areas measured at 1.2 and 2.4 ppm for chloroform and
1.2 ppm for bromodichloromethane failed the Q-test at 95% confidence. These points

were not added to the standard addition plot.
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Table 3.14 Three Mile Pond sample 3 THM peak areas

Concentration Compornent Peak Area

(ppm) Chloroform RSD
0 15044 + 1% 9.09%
1.2 212724 + 1.8% 2.68%
2.4 2039258 + 2.6% 8.52%
6 10189967 + 3.2% 3.29%
12 14675128 + 3.4% 3.55%
---18000000
16000000 /§ y = 1E+06x + 15044
-—14606000 R?= 0.9457
o 12000000 /
£ —10060000————— Q—//
E 8000000 /  Chloroform
—6000000
—-4000000 /
-—-2000000;:/
0 T T 3
-5 0 5 10 15
Concentration {ppm)

Figure 3.14 Three Mile Pond sample 3 standard addition plot

Table 3.15 Summary of standard addition plots for 3P#3 with e uations of lines and R?
values

Component Line Equation R® Detection Limit (ppm)
Chloroform y= IE+06x+ 15044  0.9457 0.138

The standard addition plot for Three Mile Pond sample 3 was found to be lincar
with a correlation coefficient of 0.9457. A detection limit of 0.138 ppm was measured for
chloroform. The detection limit is greater than the total THM concentrations measured in
Three Mile Pond. Therefore accurate results regarding chloroform concentrations cannot
be quantified. Peak area measured at a concentration of 1.2 ppm failed the Q-test at 95%

confidence and was therefore not included on the standard addition plot.
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Table 3.16 Three Mile Pond sample 6 TIHM peak areas

Concentration

Component Peak Area

(ppm) Chioroform RSD Bromodichloromethane RSD
0 17606 £ 1% 4.17% 877+ 1% 45.1%
1.2 35706 £ 1.8% 3.52% 6603601 + 1.8% 1.15%
2.4 57968 + 2.6% 16.7% 5853300 = 2.6% 2.60%
6 7160703 & 3.2% 12.9% 16936646 + 3.2% 0.639%
12 13418432 £ 3.4% 5.20% 25124992 + 3.4% 1.00%
~30000000-y Chloroform
y = 1E+06x + 17606
-25000000—+ e - R? = 0.9399
-206000000-- —— — Bromodichloromethane
o / y = 2E406x + 877
< -15000000- /. R?=0.9236
"
g # Chiorof
o -10000860 / oroform
- / / @ Bromodichloromethane
—5000000
- 0'/ T T al

Concentration (ppm)

Figure 3.15 Three Mile Pond sample 6 standard addition plot

Table 3.17 Summary of standard addition plots for 3P#6 with equations of lines and R?
values

B

Component Line Equation R? Detection Limit (ppm)
Chioroform y= IE+06x+ 17606 0.9399 0.139
Bromodichloromethane  y = 2E+06x + 877 0.9236 1.04

The standard addition plots for Three Mile Pond sample 6 was found to be linear
with correlation coefficients ranging from 0.9236 10 0.9399. Detection limits were
measured at 0.139 and 1.04 ppm for chloroform and bromodichloromethane respectively.
Total THM concentration for Three Mile Pond is below the detection limits. Therefore

accurate results regarding component concentrations cannot be quantified. Peak areas
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measured at 1.2 and 2.4 ppm for chloroform and 2.4 ppm for bromodichloromethane
failed the Q-test at 95% confidence. These points were not included on the standard
addition plot.

Table 3.18 Trout Pond sample 4 THM peak arcas

Concentration Component Peak Area

(ppm) Chloroform RSD  1,2-dichloroethane RSD
0 1757 = 1% 4.62% 2728+ 1% 8.36%
1.2 30970 = 1.8% 6.07% 1467501 = 1.8% 8.33%
2.4 49231 + 2.6% 0.72% 1203910+ 2.6% 3.08%

3254469 £ 3.2% 1.21% 4326336 +3.2% 6.89%
12 7984852 + 3.4% 1.66% 7338956 + 3.4% 6.14%

1,2-dibromoethane RSD Bromodichloromethane RSD

0 3320 1% 7.59% 1580+ 1% 30.2%
}.2 5783656 £ 1.8% 2.38% 4850286 + 1.8% 2.91%
2.4 4878477 + 2.6% 4.04% 9518200 %+ 2.6% 2.81%
6 8494887 + 3.2% 1.60% 16542231 + 3.2% 291%
12 14039419+ 34% 2.20% 19736280 + 3.4% 2.57%
Chloroform
—20000000- ¢ - y = 616786x + 1757
--18000000 - — R? =0.9364
| /é 1,2-dichloroethane
—16000000 - —— y = 633638x + 2728
-14000000- R?=0.9731
§ —12000000 -+ —— —, --  Bromodichloroethane
: —10660000 — ' . y = 2E+06x + 1580
[ 8000000 B R%=0.7481
& 1,2-dibromoethane
—6000000—~-—- = = T y = 1E+06x + 3320
—4000000— - R*=0.4388
~—2000000 # Chloroform
e () - P p—— r v B1,2-dichloroethane
-5 0 5 10 15 4 Bromodichloroethane
Concentration (ppm) X 1,2-dibromoethane

Figure 3.16 Trout Pond sample 4 standard addition plot
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Table 3.19 Summary of standard addition plots for TP#4 with equations of lines and R?
values

Component Line Equation R? Detection Limit (ppm)
Chloroform y=616786x+ 1757 0.9364 1.23
1,2-dichloroethane y=633638x+2728 0.9731 0.321
Bromodichloromethane y=2E+06x + 1580  0.7481 0.389
1,2-dibromoethane 1E+06x + 3320 0.4388 0.608

Standard addition plots for chloroform and 1,2-dichloroethane in Trout Pond
sample 4 were found to be linear with correlation coefficients of 0.9364 and 0.9731
respectively. However standard addition plots for bromodichloromethane and 1,2-
dibromomethane were not found to be sufficiently linear with correlation coefficients of
0.7481 and 0.4388. Detection limits were measured at 1.23, 0.321, 0.389, and 0.608 ppm
for chloroform, 1,2-dichloroethane, bromodichloroethane, and 1,2-dibromoethane
respectively. Total THM concentration for Trout Pond is below all of the detection limits.
Therefore accurate analysis of THM concentrations cannot be quantified. Peak areas
measured at 10 ppm for chloroform and 1,2-dibromoethane were not included in the
standard addition plot due to errors resulting from ion-capture detector saturation,

Table 3.20 Trout pond sample 8 THM peak areas

Concentration ~ Component Peak Area

(ppm) Chloroform RSD Bromodichloromethane RSD
0 15541 % 1% 8.41% 538 1% 30.6%
1.2 28007 + 1.8% 11.2% 7104976 + 1.8%  3.67%
24 39370 £ 2.6% 240%  11435513+2.6%  5.96%
6 5409776 + 3.2% 6.25%  19803095+3.2%  6.24%
12 11089953 +3.4%  3.96% 22789997 + 3.4% 2.41%
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Figure 3.17 Trout Pond sample 8 standard addition plot

Table 3.21 Summary of standard addition plots for TP#8 with equations of lines and R?

values
Component Line Equation R? Detection Limit (ppm)
Chloroform y=883176x+ 15541 0.9411 1.11
Bromodichloromethane  y= 2FE+06x+ 538  0.6728 0.523

The standard addition plot for chloroform in the Trout Pond sample 8 was found
to be linear with a correlation coefficient of 0.9411. However, the standard addition plot
for bromodichloromethane was not found to be suf ficiently linear with a correlation
coefficient of 0.6728. Deltection limits were measured at 1.11 and 0.523 ppm for
chloroform and bromodichloromethane respectively. Total THM concentration measured
from Trout Pond is below the detection limits found from the calibration curves.
Therefore an accurate analysis for quantification of THM concentrations cannot be done.
The peak area measured at 10 ppm for bromodichloromethane was not included in the

standard addition plot due to errors resulting from oversaturation of the ion caplure

detector.
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3.4 THM Concentrations in Natural Water Samples

THM concentrations measured from the water samples collected from Trout Pond
and Three Mile Pond are listed in Tables 3.22 and 3.23. Concentrations were measured
using both the calibration curves prepared via serial dilution and the standard addition
plots prepared via sample spikes.

Table 3.22 Concentrations of THMs in original water samples taken from Trout pond and
Three Mile Pond using the standard calibration curves

Peak Area Concentration Total THM

Sample Component (= 1%) (ppm) (ppm)
IP#2 Chloroform 35343 4.42 6.76
1,2-dichloroethane 6387 1.32
Bromodichloromethane 1260 1.02
3P#3 Chloroform 15044 2,12 2.12
3P#6 Chloroform 17606 2.41 3.40
Bromodichloromethane 877 0.993
TP#8 Chloroform 15541 2.17
Bromodichloromethane 538 0.972
TP#4 Chloroform 1757 0.612 2.63
1,2-dichloroethane 2728 0.725
Bromodichloromethane 1580 1.04
1,2-dibromoethane 3320 0.254

All concentrations measured using the THM calibration curves are not
representative of the estimated THMs present in Three Mile Pond and Third Pond.
Concentrations were measured in the ppm range instead of the literature ppb values.?
However, the estimated THM concentrations were measured from samples collected in
the winter season. The concentrations in table 3.22 may be representative of the THM
concentrations in the fall season, where a high volume of natural organic material is

degraded.
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Table 3.23 Concentrations of THM s in original water samples taken from Trout Pond and
Three Mile Pond using the standard addition plots

Peak Area  Concentration Total THM

Sample Component (£ 1%) (ppb) {(ppb)

3P#2 Chloroform 35343 35.3 39.8
1,2-dichloroethane 6387 1.28
Bromodichloromethane 1260 3.19

3P#3 Chloroform 15044 15.0 15.0

3P4H6 Chloroform 17606 17.6 17.9
8romodichloromethane 877 0.439

TP#8 Chloroform 15541 17.6 17.9
Bromodichloromethane 538 0.269

TP#4 Chloroform 1757 28.5 36.9
1,2-dichloroethane 2728 4.31
Bromodichloromethane 1580 0.790
1,2-dibromoethane 3320 3.32

THM concentrations measured by analysis of standard addition plots are not
representative of the total THM concentrations present in Three Mile Pond and Trout
Pond. Total THM concentrations were measured in the ppb range, which correlates to the
THM concentration range in each of the ponds. Measured total concentrations range from
15.0-39.8 ppb, which are markedly less than 158.15 and 117.07 ppb for Trout Pond and
Three Mile Pond respectively. This observation makes sense since samples were
analyzed about 4 months after sample collection. However, the analysis is not accurate
since concentrations are blow the detection limits of the standard addition plots. In
addition, not all standard addition plots had good R? values. While some standard
addition plots had R? values as high as 0.9830, other standard addition plots, such as 1,2-
dibromoethane in the TP#4 sample, had R? values as low as 0.4388. Because total THM
measured as the sum of all the THMs in the sample, one bad correlation coefficient will
give inaccurate results for the entire sample. At best, only a rough estimate of the THM

concentrations in the samples can be determined. Unfortunately, the GC/MS broke down
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during the semester, resulting on the loss of valuable analysis weeks. Hence there was not

enough time to correct or redo calibration data.

3.5 Validation of Results by GC/MS

Identification and validation of THMs in natural water samples require
information on component retention times in addition to peak identification. All THM
standards and water samples were analyzed with a GC/MS. The gas chromatogram
measured THM component retention times and the mass spectrometer identified each of
the component peaks by their molar masses and peak fragments, as described in section
1.5. According to the chromatographic data, chloroform passed through the column first
(retention time of 1.77 minutes), followed by 1,2-dichloroethane (2.04 mins), then
bromodichloromethane (2.92 mins), then chlorodibromomethane (5.67 mins) and finally
1,2-dibromooethane (5.93 mins). Elution order may be explained by bromine
substitution. Retention time increases as more bromines are substituted on the molecule,
which is consistent with data found in the literature.®”) A possible explanation is that the
bromines are lower in the Periodic Table group of halogens than chlorine, indicating a
bulkier and a higher weight molecule, which normally has an increased retention time in
a chromatographic column.

Retention times were used to identify THM peaks in the water samples that were
too small to give an accurate mass spectrum. Spiking the water samples with a known
concentration of THM gave rise to a component peak with a retention time matching that
of the original unknown peak in the sample, further validated the identity of the
component peaks in the original sample.
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Coupling the GC with a MS allowed for immediate peak identification by
analyzing the mass to charge ratios of the molecular and fragmentation peaks. Molecular
peaks and their identifying fragments for each THM component is listed in Table 3.24.

Table 3.24 Molecular and fragmentation ion peaks for the THM components

Component Molecular peak (m/z) Fragmentation peaks (m/z)
Chloroform 119 84, 49
1,2-dichloroethane 98 63
1,2-dibromoethane 187 108
chlorodibromomethane 207 172, 128, 93, 49
bromodichloromethane 163 128, 93, 84, 49

Unfortunately, peak areas in the un-spiked samples were too small and gave a
baseline mass spectrum instead of the component mass spectrum. Other peaks were
present in the water sample which did not correspond to the five THM standards utilized
in the laboratory. In order to identify unknown peaks to check for additional THMs, a
corresponding standard for the suspected unknown would need to be utilized. THMs
which were detected in the natural water samples were bromodichloromethane,
chloroform, 1,2-dibromoethane, and 1,2-dichloroethane. No concentrations were found

for chlorodibromoethane.

3.6 Validity of THM standards and calibration curves

THM components were intentionally set to have the same concentrations;
however these concentrations did not always correspond to the peak areas obtained. The
variation in peak areas could be a result of the differing Henry’s Law constants, which
ultimately has an effect on the distribution coefficient. Differing distribution coefficients
will vary the concentration of each component in the headspace, giving rise to a variation
in the peaks during analysis. Because SPME is primarily an equilibrium process, the
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mass of analyte adsorbed depends primarily on the distribution coefficients, as illustrated
in equation (7).

N = (KeaKnsViCoVs) / (KuKns Vi + KigViy + V) (7)

The distribution coefficients describe the properties of the fiber and its selectivity towards
the analyte versus other matrix components,”

THM components may have differing affinities towards the PDMS/DVB fiber;
however this difference should be minimal due to the similarity in structure between the
THMs. Percent differences for peak areas ranged upwards of 50%. Such a large variation
in peak area can only be explained by percent uncertainty. While a contribution from
THM structural differences is present, a large portion of the error is associated with the
concentration values of the THM standards, These percent errors can result in a
differentiation of the concentration added, and therefore differentiate peak areas.

The calibration curves created from the series of standards could not be used in
the accurate determination of THM concentrations in the water samples. The primary
reason is because of the linear working range chosen for the calibration curves. A
minimum concentration of 1 ppm was chosen for the standards, which is set above the
maximum THM concentration found in either Three Mile Pond or Trout Pond. The linear
working range of 10-] ppm does not correspond to the concentrations found in the water
samples since natural THM concentrations are on the order of ppb. Therefore
concentrations cannot be accurately determined. Creating a series of standards with a
linear working range within the range of the natural THM concentrations would yield

much better results,
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3.7 Validity of the Standard Addition Plots

The standard addition plots created from spiking the water samples with known
volumes of THM standards could not be used in the accurate determination of natural
THM concentrations. Spiking the samples gave rise to a large variation in peak areas.
Peak area variations between spikes are listed in Table 3.18 for the 2.4 and 6 ppm
chloroform spikes. A peak difference of 6511% is associated between the 2.4 and 6 ppm
spikes which is not representative of the actual peak areas associated with that
concentration range. The maximum difference between the peak heights should be at
150%. The large variation in peak areas gave rise to the low R? values associated with
some of the standard addition plots and resulted in the variation of the slope between the
calibration lines. Accurate THM concentrations cannot be determined with such a large
variation in the peak area.

Peak areas did not correspond to peaks measured from the serial dilution
calibration curves when comparing similar concentrations. The 10 ppm standard for
bromodichloromethane had an associated peak area of 154240. However, the 10 ppm
spike of bromodichloromethane in Trout Pond sample 8 corresponded to a peak area of
11089953. The difference in peak areas is over 7000%. There are matrix effects
associated with the use of methanol as a solvent for THM standard preparation. However,
these matrix effects would not change the peak area on the order of 7000%. Similar
observations are made with every water sample.

The large variability can be associated with the small volumes of THM spiked
into the water samples. Achieving a 1 ppm spike in a 30 mL sample requires volumes on

the order of 0.03 pL. Any additional volume added to the sample will result
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contamination, resulting in a major increase in peak area. Although great care was taken

to keep the injection volumes constant, contamination of the samples was not completely
prevented according to the major increases in peak areas. A low percent error (~3 4%) is
associated with the spiked concentrations. This uncertainty does not take sample

contamination into account.

3.8 Validity of the SPME technique
Despite the low quantitative power of the resulting calibration curves, SPME
remains a valid possibility for the extraction of THMs from natural waters. The average

RSD values associated with each THM replicate analysis are shown in Table 3.25.

Table 3.25 Average relative standard deviation values for replicate analysis of THM
components

components
Component Replicate number Average %RSD
Chloroform 32 7.62
1,2-dichloroethane 18 10.5
1,2-dibromoethane 13 4.17
bromodichloromethane 27 11.6
Chlorodibromomethane 8 6.09

Variation of the injection is not included as part of the tabulated RSD values.
Injection into the GC/MS can have a RSD of about 5-8%, The use of an auto-injector can
drop the RSD to about 0.5%. The RSD values were obtained from both the serial dilution
calibration curves and the standard addition plot extraction data. The results are
comparable because the sample preparation will not affect the RSD of the SPME
extraction. Average peak areas and their standard deviations found through replicate
analysis are determined solely by the reproducibility of the SPME extraction. RSD values

as high as 60% was measured. The high RSD values correlate with errors in the
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extraction, such as extractions while not at equilibrium or not having the SPME fiber in
the same position within the headspace. The average RSD values for SPME extraction of
chloroform, bromodichloromethane, and chlorodibromomethane are comparable to the

RSDs measured from the EPA technique of liquid-liquid extraction.)

4.0 Conclusion

The newly developed method for the determination of THM concentrations in
natural waters can be validated if the proper concentration range is chosen for the
standards and can be quantitated by the technique. Results and conclusions made in this
study are based on the comparison to concentrations measured by the Goernment of
Newfoundland and Labrador. However, their samples were collected in the winter. THM
samples for this analysis were collected in the fall season. The increased organic
degradation in the fall season may contribute to an increased THM load on a natural
water system, giving concentrations greater than those collected by the Newfoundland
Government. As a result, quantification of THMs collected in the fall season can be
quantitated while THM samples collected in the winter seasons cannot be quantitated by
this study.

Volatility associated with THMs accounts for the loss in concentration between
the fall months and the winter months. This loss in concentration is illustrated by the
decreased THM concentrations obtained from the standard addition plots. Good
correlation coefficients of the calibration curves and the good %RSD values of the SPME
extraction technique were obtained which suggests that quantitative studies could be

completed with a linear working range of 10-1ppm. A range that could encompass 20ppb
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to 1 ppm analysis of THM concentration values could be used to discern samples found
in Three Mile Pond and Trout Pond in the winter months. The good %RSD values
obtained for all THM extractions validates SPME as a potential extraction technique for
THM analysis.

Problems with the GC/MS led to about a month delay in analyzing THM samples
with standard addition methods. As a result, the concentrations of THMs in the old
samples were greatly diminished, resulting in analysis problems. In this research it was
found that the standard addition plot gave poor results for THM analysis at low
concentration ranges for an accurate quantitative analysis. This was due to the low
precision to deliver the small volumes required for each sample spike to attain the proper
working range. Such micro techniques were not available to be utilized in this research.
Any excess volumes added to the samples invalidated the data, As a result, only
estimated concentrations could be measured using the standard addition plots. Standard
addition plots would give better results if high precision equipment was utilized.

GC/MS proved to be an efficient technique for the separation and identification of
THM components. THM separation requires a 9 minute run time. Coupled with a 4
minute extraction, a replicate can be ran and analyzed within 15 minutes with good
reproducibility. THMs detected in the water samples include bromodichloromethane,
chloroform, 1,2-dibromoethane, and 1,2-dichloroethane. Concentrations for each detected

THM could not be analyzed accurately.
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Community Name Serviced Area(s) Source Name THMs Average  Average Type Total Samples Last Seeson
(wglL) Collactad Sampled

Anchor Pont Anchor Poinl Wall Cove Brook 13768 Running 49 Summer 2013

Appleion Appleton (+Glanwood) Gander Lake (The Outflow) 5500 Runming 48 Summer 2013

Aguaforte Aquaforte Davies Pond 000 Runnng 9 Fall 2011

Amold's Cove Amoids Cove Steve's Pond (2 Intakes) 11190 Running 81 Summer 2013

Avondale Avondale Lee's Pond 141 50 Running 29 Summer 2013

Badger Badger Wall Field, 2 wells on 165 Simple 13 Spring 2013
standby

Bale Verte Baie Verte Southem Am Pond 106 00 Simple 2 Summer 2013

Bamne Harbour Bane Harbour Baine Harbour Pond 19.08 Simple [} Summer 2002

Barachois Brook Barachois Brook Onlisd 0.00 Simple 2 Winter 2003

Bartletts Harbour Bartleits Harbour Long Pond (same as 035 Simpla 2 Winter 2012
Castors Rwver North)

Bauline Bautine #1 Brook Path Well 6385 Running 22 Summer 2013

Bay L'Argant Bay L'Argent Sugarioef Hill Pond 66 07 Running 45 Summer 2013

Bay Roberts Bay Roberts, Spaniard's Bay Rocky Pond 3472 Running 57 Summer 2013

Bay St George South Heatherton #1 Well Heatherton (Home 580 Simple [ Spring 2013
Hardware)

Bay St George South Highlands #3 Brian Pumphvey Well 220 Simple 1 Spring 2013
Highlands

Bay St. George South Jatfrey's #1 Well Jeffery's {Joe 000 Simpla 4 Spring 2013
Curnew)

Bay 51. George Soulh Jaffray's #2 Well Jeffory's (Celvin 0.00 Simple 4 Spring 2013
Madore)

Bay St. Gearge South Jalfray's #3 Well Jeffary’s (Sid 000 Simpls 2 Spring 2013
Shears)

Bay St. George South Lock Levan #65 Wet Loch Leven {Jerry 1.50 Simple 4 Spring 2013
Quitly)

Bay St George South McKay's #28 Lions Club Wel 000 Simple 4 Spring 2013

Bay St George Soulh McKay's #3 Woodworth Well 000 Simple 4 Sprmg 2013
McKay's

Bay St George South McKay's #7 WaB McKey's (Gordon 0.00 Simple 8 Spring 2013
Hutan)

Bay St George South Robinsan's #1 Well Robinson's {Louie 430 Simpte 3 Spnng 2013
MacDonald)

Bay St George South St Fintan's #2 Well St. Fintan's {Louis 000 Simple 4 Spring 2013
King)

Bay St. George South St Fintan's, St Devid's #1 Well St. Fintan's (The Y} 000 Simpls 5 Sprng 2013

Bay de Verde Bay de Verde Island Pond 10.03 Simple 52 Summer 2013

Beaches Beaches Grassey Pond Brook 4517 Running 30 Summer 2013

Beachside Beachside Long Pond 36.00 Simple 43 Summer 2013

Belibums Belibums Boung Brook Tributary 9068 Running 46 Summer 2013

Belleoram Betleoram Rabbits Pond 176 07 Running 11 Summer 2013

Bellovus Bellevus Big Pond 8950 Running 31 Summer 2013

Bellevue Beach Bellevue Beach Unnamed Brook 000 Simpla 9 Fall 2001

Benoi's Siding Benoil's Siding (aka Onlled 37 Simple 2 Winter 2003

Bennett's Siding}

Banoi's Sxiing Ooyles # 2 Well Doyles 6.00 Simple 2 Winler 2010

Benton Benlon Uttle Pond 7907 Running 58 Summer 2013

Birchy Bay Birchy Bay Jumpec's Pond 21900 Running 87 Summer 2013

Bird Cove Bird Cove (+Brig Bay) Inner Gilmour Pond 16280 Running 42 Summer 2013

B scay Bay Biscay Bay Unnamed Pond 000 Simple 1 Spring 2002

Bishop's Falls Bishop's Falis Northern Arm Lake 7963 Running 52 Summer 2013
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A-2

and Conservailon
Labrador in Newfoundland and Labrador
Community Name Servicad Areais) Source Name THMs Averege  Average Type Total Semples Last Season
(wo) Cofiected Sampled
Black Duck Cove Black Duck Cove Long Pond - Black Duck 0oo Simple 1 Summer 2012
Cove Intake
Black Ticklg-Domino Black Tickle-Domino - Martin's Pond - Tap at 8150 Simple 26 Summer 2013
Outsiie Tap Pumphousa
Black Tickle-Domino Back Tickle-Domino - Martin's Pond - Tap at 0.7 Simple 15 Summer 2013
PWDU Pumphouse
Biaketown Blaketown #2 Daphne Pincent Well 14 60 Simple 4 Fall 2012
Blakslown Blakelown Cenlre #3 Fred Osbome Wei 3850 Simple 10 Spring 2013
Blaketown Blaketown North ¥4 Hilde Barreit Well 345 Simple 4 Fall 2012
Blakatown Blaketown South #1 Selby Mercer Wel 110 Simple 4 Fall 2012
Bonavista Bonavista Long Pond 20075 Running 94 Summer 2013
Botwood Botwood Northemn Arm Lake 76235 Running 30 Summer 2013
Branch Branch Valley Pond 000 Running 4 Winter 2003
Brent's Cove Brant's Cove Paddy's Pond 000 Simple 13 Spring 2003
Brig Bay Brig Bay Inner Gilmour Pond 1797§ Running 41 Summer 2013
Brighton Brighton Hynes Cove Pond 38550 Running 83 Summer 2013
Brigus Brigus {+Cupids, +South Brigus Long Pond (1o 6462 Running 73 Summer 2013
River) Brigus)
Bntannia Brtannia 1370 Running 14 Fall 2001
Bryant's Cove Bryant's Cove South Side #1 Well - Bort James Wall 0.00 Simple 3 Fall 2012
#2 Well - Baxter Bowaering
Well
Buchans Buchans Buchans Lake aka Sandy 7260 Running 58 Summer 2013
Lake
Buchans Buchans - PWDU Buchans Lake aka Sandy 000 Simple 8 Summer 2011
Lake
Buchans Junction Buchans Junction Laptand Pond 14148 Running 47 Summer 2013
Bunyan's Cove Bunyan's Cove #1 Welifield 16.00 Simple 14 Spring 2013
Bunyan's Cove Bunyan's Cove #2 Walield 14 55 Simple 4 Fall 2012
Burgeo Burgeo Long Pond 453 Running 62 Summer 2013
Burgoyne's Cove Burgoyne's Cove Lower Rocky Pond 3013 Running 64 Summer 2013
Burin Burin Long Pond 6195 Running 72 Summer 2013
Burin Burin (+Lewin's Cove} Big Pond 7770 Running 74 Summaer 2013
Burin Port au Bras Gripe Cove Pond 6372 Running 64 Summoer 2013
Burlington Burlinglon Eastern Island Pond 28067 Running 43 Summer 2013
Bumt Islands Bumnt Istands Long Lake 2602 Running 52 Summer 2013
Bumi Islands Bumt Islands - PWDU Long Lake 117 Running 21 Summer 2013
Campbeition Campbeition Indian Arm Brook 191 50 Running §5 Summer 2013
Canning's Cove Centre Canning's Cove #3 Wall - Glenda Pennay 30§ Simpla 5 Fall 2012
Canning's Cova Lower Canning's Cove #1 Well - Plaman Pitls 625 Simple 5 Fall 2012
Canning's Cove Upper Canning's Cove #2 Well - Eugens Ellis 10.60 Simple 5 Fall 2012
Capeo Freels North Cape Freals North Long Pond 7753 Running 39 Summer 2013
Cape St George Cape St. George, Red Rouzes Brook 2990 Running 58 Summer 2013
Brook, De-Grau, Marchas
Paint
Carbonear Carbonear islend Pond / Flings Long 2585 Running 83 Summer 2013
Pond
Carmanville Coamenville Grandtathers Pond 11900 Running 70 Summer 2013
Cartwright Cartwright Burdett's Pond 402 00 Running 34 Summoer 2013
Cavendish Cavendish Long Pong 7845 Running 52 Summer 2013
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Community Name Serviced Arsa(s) Source Name THMs Average  Average Type Total Samples Last Season
{wg} Collectad Sampled
Cavendish North Side Cavendish #1 Well - Max Bishop 000 Simple 1 Summer 2004
Cavendish North Side Cavendish #2 Well - Tom Critch 000 Simple 1 Summer 2004
Cenlreville-Wareham-Trinity Centreville-Wareham Northwest Pond 12675 Running T2 Summer 2013
Centraville-Warsham-Trnity Tanily Southwest Feader Pond 235 50 Running 72 Summer 2013
Chance Cove Back Cove Area Olive Smith Well 420 Simple 5 Spring 2013
Chance Cove Lower Cove East Albart Rowe Weil 24 80 Simple 1 Spring 2013
Chance Cove Lower Cove Point Eugens Smith Well 000 Simple 1" Spring 2013
Chanca Cove New Housing Area New Housing Area Well 1040 Simple 7 Spring 2013
Chanca Cove Upper Cove Centre Angus Brace Well 190 Simple 7 Spning 2013
Chence Cove Upper Cove South Edgar Crann Walt 8.70 Simple 7 Spnng 2013
Chanceport Chancaport Bridger'a Cove Pond 0.00 Simple 7 Summer 2004
Chaanel-Part aux Basques Channel-Port Aux Basques Gull Pond & Wilcox Pond 106355 Running 108 Summer 2013
Charlotistown (Labrador) Chariotietown (Labrador) Middle Pond 7105 Running 8 Summer 2013
Churchill Falls Churchill Falls Smaliwood Reservor 8643 Running M Summer 2013
Clarenville Clarenville, Shoat Harbour Shoal Harbour River 5580 Running 23 Summer 2013
Clarke's Beach Clarkes Beach Clarkes Pond s Running 64 Summer 2013
Collisrs Harbour Drive #4 Well - Flynn's Wall 350 Simple 1 Sprng 2012
Colliers Harbour Drive #5 \Wall - Whalen's Well 330 Simple 4 Fa® 2012
Colliers Harbour Drive & Main Road #3 Well - Griffin's Well 765 Simple 8 Fall 2012
Colbars Main Road #1 Well - Mahoney's Well 360 Simple 4 Fall 2012
Coltiers Meamigan's Lane + Main Rd #2 Well - Merrigan's Wall 320 Simple 4 Fall 2012
Come By Chance Come By Chance Buichers Brook 6413 Running 84 Summer 2013
Comfort Cove-Newstead Comfort Cove-Newstaad Steady Cove Pond 18575 Running 75 Summer 2013
Conception Bay South Concaption Bay South Bay Bulls Big Pond 42 42 Running 48 Summer 2013
Concaption Harbour gem:nlary Roud & Main Cemetery Road Well 9.35 Simple 3 Fall 2012
o8
Conception Harbour :m_ﬂog: Pond Rd, Old Rd & Healey's Pond Road Well 250 Simple 3 Fail 2012
ain

Conception Harbour Lower Bacon Cove Lower Bacon Cove Well 15.860 Simple 8 Spring 2013
Canception Harbour Upper Bacon Cove, Upper Bacon Cove Wall 10.70 Simple 4 Spring 2013

Kilchuses
Conche Conche Martin's Brook 65.50 Simple 50 Summer 2013
Canne River Conne River Soulhwest Brook 1507 Running 102 Summer 2013
Cook's Harbour Cook's Harbour Unnamed Pond 218 00 Running 42 Summer 2013
Corner Brook Comner Brook (All of Trout Pond, Third Pond (2 13415 Running az Summer 2013

eastside, portion of intakes)

wesltside) (+Massey Drive)
Comer Brook Comer Brook (Curling) Second Pond (Three Mile 10450 Running 43 Summer 2013

(+Mount Morizh) Pond)
Corner Brook Corner Brook (Portion of Burmt Pond 137 50 Running 47 Summer 2013

wesiside)
Cottlosville Cottlesvile Rushy Cove Pond 25425 Running 48 Summer 2013
Cotireils Cove Cotirelrs Cove Cotreir's Pond 9138 Running 53 Summer 2013
Cow Head Cow Head Short Cat Path Pond 19800 Running 64 Summer 2013
Cox's Cove Cox’s Cove Cox's Brook 5538 Running 58 Summer 2013
Cox's Cove Upper Area Upper Area Wellfield 000 Simple 7 Fall 2012
Crow Head Crow Head Oars Pond 17900 Running k]| Sumemer 2013
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Cupids Cupids Brigus Long Pond (to 8003 Running 61 Summer 2013
Brigus)
Danier's Harbour Danief's Harbour Unnamed Spring & Brook 4467 Running 55 Summer 2013
Deadmen's Bay Deadman's Bay Deadman's Pand 50 40 Running 59 Summer 2013
Deep Bight Deep Bight Doep Bight Well Fiald 130 Simple 5 Fall 2001
Deer Lake Deer Lake (+Reidville) Humber Canal, Grand Lake 8113 Running 684 Summer 2013
Dilda Dildo, Broad Cove (+South Broad Cove Pond 9597 Running n Summer 2013
Dildo)
Dover Dovar Hare Bay Pond 17100 Running 43 Summer 2013
Dunfield Dunfield 300 Simple 1 Fall 2001
Eastport Eastport (+Sandy Cove) Dug 178 Simple Xl Fall 2012
Eddias Cove West Eddes Cave West Unnamed 000 Simple 1 Fall 2003
Elliston Elliston Big Pond 3460 Running 61 Summer 2013
Embres Embree (+Little Bumt Bay) Troke's Cava Pond 13175 Running 7 Summer 2013
Englee Engles Island Cove Pond 7335 Running 83 Summaer 2013
Fairbanks-Hillgrade Feirbanks-Hiligrade Saitine's Pond 182 50 Running 6 Summer 2013
Fermeuse Fermeuse Port Kirwan Road Waell 2.10 Simple 3 Spring 2013
Fermause Farmeuse, Kingman's Mamymesting Pond, Bear 6095 Running 75 Summer 2013
Cove Pond (2 imakes)
Fermryland Femyland Deap Cove Pond 19875 Running 60 Summer 2013
Flat Bay Flat Bay (East) #1 Well 0.00 Simple 2 Fall 2000
Flat Bay Flot Bay (East) #2 Well 745 Simple 3 Fall 2012
Flat Bay Fla Bay (East) #3 Wall 165 Simple 5 Fall2012
Fiat Boy West Flal Bay West - Federation #3I Well 0.00 Simple 5 Fall 2012
of Indians
Flauwr de Lys Fleur De Lys First Pond, Narrow Pond 23275 Running 43 Summer 2013
Flower's Cove Flowers Cove (+Nameless French Island Pond 17450 Running 44 Summar 2013
Cove)
Fogo Istand Fogo Freeman's Pond 9353 Simple 65 Summer 2013
Fogo Island Joe Batt's Arm-Barrd Long Pond 60.50 Simple 56 Summer 2013
Islands-Shoal Bay
Fogo Island Saldom-Liltie Seldom Bultock Cove Pond 24983 Simple 57 Summar 2013
Fogo Island Tilting Sandy Cave Pond 34000 Simple Il Summer 2013
Forresters Point Forresters Point Rudges Pond 0.00 Simple k] Summer 2013
Forteau Fortegu Trout Brook 1245 Running 3% Summer 2013
Fortune Fortune (+Grand Bank) Horsebrook 6372 Running 60 Summer 2013
Fox Roost-Margares Fox Roost-Margaree Dnilled Well and Margaree 14962 Running 6 Summer 2013
Pond
Fox Roost-Margaree Fox Roost-Margaree - Drilled Well end Margares 5878 Running 4 Summer 2013
PWOU Pong
Francois Francois Our Pond 000 Simple 1 Fall 2003
Frenchman's Cove Frenchman's Cove Oug Well 18.15 Simple 16 Spring 2013
Freshwater Frashwater (Carbonear) #2 Well - Covage's Lane 000 Simple 2 Winter 2004
Wall
Freshwalter Freshwaler (Carbonear) #3 Well - Wallace Snow 240 Simpla | Summer 2003
Well
Gallants Gallants Gallant's Brook 000 Simple 1 Fall 2003
Gambo Gambo Dark Cove Pond 4335 Running 65 Summes 2013
Gander Gander Gander Lake 6930 Running 134 Summer 2013
Gender Bay South George's Point, Hams Point Barry's Brook 8832 Running 64 Summer 2013
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Garden Cove Garden Cove Asch Cove Pond 13925 Running 52 Summer 2013
Gamish Garnish Wilchaze! Pond 14300 Running 7 Summer 2013
Gaskiars Gaskiers-Point La Haye Big Hare Hill Pond 7885 Simple 58 Summer 2013
Gautiois Gauttois Piccare Pond 300 Simple 41 Spring 2008
Goorge's Brook-Milton George's Brook George's Brook 10550 Running 65 Summer 2013
George's Brook-Mitton Milton Lilly Pond 7245 Running 47 Summer 2013
Georgelown Georgatown Dritled 310 Simple 2 Spring 2013
Gillams Gillams Moaters Pond 8547 Running 7 Summer 2013
Glenbumie-Birchy Glenburnle-Birchy Croucher's 8rook 703 Simple 17 Summer 2013
Head-Shoal Brook Head-Shoal Brook
Glenwood Glenwood Gander Lake (The Outflow} 6247 Running 69 Summer 2013
Gloveriown Glaveriown Northwest Pond 8310 Running 83 Summer 2013
Goobies Goobies Water Pond 11132 Running 42 Summer 2013
Goosa Cove East Goose Cove East Jack's Pond 116 30 Running 44 Summer 2013
Grand 8ank Grand Bank Horsebrook 8678 Running 18 Summer 2013
Grand Bank Grand Bank (Backup Grand Bank Brook (Bachup 60 50 Running 78 Winter 2009
Supply) Supply)
Grand Falls-Windsor Grand Falls-Windsor Northemn Arm Lake 6699 Running 130 Summer 2013
(+Bishop's Falis,
+Wooddale, +Botwood,
+Petervigw)
Grand Le Pierrs Grend Le Pierra Nip Nase Pond 0.00 Simple k] Fal 1998
Grates Cove Grales Cove Cenire #1 Cyril Meadus Well 000 Simple 1 Summer 2004
Grates Cove Grates Cove North End #3 Frank Janes Well 705 Simpla 2 Fall 2012
Grates Cove Groles Cove South End #4 Stoyles Hill Well 0.00 Simple 1 Summer 2004
Great Brehat Great Brehat Little Steady Pond 38 Simple 36 Summer 2013
Great Codroy Great Codroy East #1 Well 000 Simple ] Spring 2012
Great Codroy Great Codroy West #2 Welt 275 Simple 4 Spring 2012
Green Island Brook Green lsland Brook Green Island Brook 7300 Simple 40 Summer 2013
Greenspond Greenspond Shambler's Cove Pond 72 Running 63 Summer 2013
Hampden Hampden Elliot Brook 11822 Running 52 Summer 2013
Hant's Horbour Hant's Harbour Esstern Pond (Haitway s1e3 Running 64 Summer 2013
Brook)
Happy Adveniure Happy Adventure Goose Neck Pond 104 95 Running 65 Summer 2013
Happy Vallay-Goose Bay Happy Valley-Goose Bay Spring Guich §497 Running 48 Summer 2013
Happy Veliey-Gooss Bay Heppy Valley-Gocse Bay Well Field (connect 9163 Running k) Summer 2013
summer 2002}
Harbour Breton Harbour Brelon Connmigra Pond, Hutchings 147 50 Running 114 Summer 2013
Pond
Harbour Grace Harbour Grace South Southside Wellfield 000 Simple 3 Spnng 2013
Harbour Grace Harbour Grace, Harbour Bannarman Lake 3500 Running 80 Summer 2013
Grace South (+Riverhsad)
Harbour Grace Riverhead Mercer's Rd. Wel aoo Simple 2 Spring 2013
Harbour Grace Thickelt #1 Thickel Susie Galway 000 Simple 2 Spnng 2013
Well
Harbour Grace Thickett #2 Thicket New Web 150 Simple 2 Spring 2013
Harbour Main-Chapef s Harbour Main, Chapers Flynn's Hit Wall 000 Simple 4 Spring 2013
Cove-Lakeview Cove, Lakeview
Harbour Main-Chspars Harbour Main, Chapef's Holden's Road Well o000 Simple 4 Spring 2013
Cove-Lakeview Cove, Lakeview
Harbour Main-Chapel's Harbour Mam, Chapel's Maloney's River 12110 Running 62 Summer 2013
Cove-Lekeview Cave, Lakeview
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Hare Bay Hare Bay (+Dover) Hare Bay Pond 120 07 Running 64 Summer 2013
Harry's Harbowr Harry's Harbour #1 Well - Northeast Wel 8.5 Simple 6 Fall 2012
Harry's Harbour Harry's Harbour #2 Waell - Northwest Hill / 485 Simple 5 Spring 2013
Country Road

Harry's Harbour Harry's Harbour #3 Well - South Well 14.05 Simple 5 Fall 2012
Howka's Bay Hawke's Bay Torrent River 17300 Running 56 Summer 2013
Heart's Content Heart's Content Southem Cove Pond 1.95 Running :¥] Summer 2013
Heart's Dalight-Istington Hearts Delight-Islington Long Pond 8075 Runming 88 Summer 2013
Hean's Desire Heart's Desire Terrence Pond 26 80 Running 59 Summer 2013
Hermitage Hermilage-Sandyvills Granfer's Pond ne78 Running 67 Summer 2013
Harring Neck Herring Neck, Hatchet Gul Pond 14775 Running 58 Summer 2013

Harbour, Selt Harbour,

Shoal Cove, Sunnyside
Hickman's Harbour-Robinson  Hickman's Big Loss Pound Pond 47.45 Running 61 Summer 2013
Bight Harbour-Rabinson Bight
Hodge's Cove Hodge's Cove Dnlled 000 Simple [ Spring 2013
Holyrood Holyrood Main Line 28.17 Simpls 24 Summer 2013
Holyrood Halyrood ©O'Connelrs Well 8470 Simple 19 Summer 2013
Holyrood Holyrood Woodford Station - Haalay's 470 Simpls 3 Spring 2013

Wall ang Quintan's Well

Hopeall Giibens Hill Gilberts Hill Well 1.10 Simple 2 Winter 2005
Hopeall Hopeall Charies Cumby Wall 000 Simple 1 Summar 2004
Hopedale Hopedale American Pond 7595 Running 2 Summer 2013
Howlay Howley Sandy Lake 000 Running 55 Summer 2013
Howley Howisy - PWDU Sandy Lake 5.72 Running 20 Summer 2013
Hughes Brook Hughes Brook Reservolr 2088 Running a3 Summer 2013
Humber Amn South Feanchman's Cove Ares Gurges Pond 67 25 Running 9 Summaer 2013
Humber A Sauth Halfway Point, Benoit's Dormody’s Brook 47 60 Running 56 Summer 2013

Cove, John's Beach
Indian Bay Indien Bay Indian Bay Brook 4592 Running 61 Summer 2013
Irishiown-Summerside Inshiown Inshiown Brook 196 50 Running 56 Summer 2013
trishtown-Summerside Summerside Pynn's Pond 12210 Running 81 Summer 2013
Isle sux Morts Isle aux Morts Bumt Ground Pand 197 48 Running 52 Summer 2013
Isle aux Morts Isle aux Morts + PWDY Sumt Ground Pond 5513 Running 4 Summer 2013
Jackson's Arm Jackson's Anm Unnamed Brook 11710 Running 43 Summer 2013
Jackson's Cove-Langdon's Langdon's Cove #3 Well Langdon's Cove §00 Simple 8 Spring 2013
Cove-Silvardale Well
Jackson's Cove-Langdon's Sitverdale, Nickey's Nose Nickay's Nose Cove Pond 39 68 Running 54 Summaer 2013
Cove-Silverdale Cova
Jean da Baie Joan te Baie #1 Well 115 Simple 3 Winter 2004
Kesls Keels Boland's Pond 427 50 Running 59 Summer 2013
King's Point King's Point Bulley's Pond 47 42 Running 50 Summaer 2013
Kingston Kingston 1808 Simple 8 Fall 2001
Kippens Kippens Well Field 250 Simple 20 Falt 2032
L'Anse au Clar L'Anse au Clair Park Pond 167 Running 36 Summer 2013
L'Anse au Loup L'Anse au Loup L'anse Au Loup River nn Running M Summer 2013
La Poile La Poile 8lack Duck Pond 000 Simple 2 Summer 2003
Labrador City Labrador City Beverly Lake 47 55 Running 56 Summer 2013
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Lamatine Lamaline Upper Hodges Pond 28498 Running 53 Fall 2011
Lawn Lawn Brazi Pond 000 Simple 64 Summer 2013
Lawn Lawn - PWDUY Brazi Pond 000 Simple 2 Summer 2013
Leading Tickles Leading Tickles Cook's Pond 162 00 Running 65 Summer 2013
Leading Ticklas Leading Tickles - PWDU Cook's Pond 6063 Simple 4 Spnng 2013
Lewin's Cove Lewin's Cove Big Pond 87 05 Running 52 Summer 2013
Lewisporte Lewisporte Stanhops Pond 17075 Running 89 Summer 2013
Little Bay Little Bay First Pond 5538 Running 40 Summer 2013
Little Bay Little Bay Mine Pond 14175 Running 43 Summer 2013
Little Boy Isiands Litile Bay Islands Jones' Pond & Gull Pond 350 00 Simple 52 Spring 2013
Littte Burnt Bay Little Burni Bay Troke's Cove Pond 156.75 Running 5% Summer 2013
Little SL. Lawrence Little Si. Lawrerce Buller's Brook (2 Inlakas) 000 Running 38 Winter 2009
Long Harbour-Mount Long Harbour-Mount Shingle Pond and/or Trout 7693 Running 68 Summer 2013
Arlington Heights Aslington Heights Pond (2 Iniekes)
Loon Bay Loon Bay Southeast Pond 9263 Running Summer 2013
Lourdes Lourdes (+Wesi Bay) Victor's Brook 19357 Running 75 Summer 2013
Lower Lance Cove Lower Lance Cove Big Long Pond 86 Running 59 Summer 2013
Lumsden Lumsden Gull Pond 109 40 Running 67 Summer 2013
Lushes Lushes Bight, Bsaumont Milkbey’s Pond/Gull Pond 12000 Running 45 Summer 2013
Bight-Beaumont-Beaumont
North
Main Brook Mesin Brook Joe Burt's Pond 000 Simple AN Summer 2013
Maintand Mainland Caribou Brook 4197 Simpla 44 Spring 2013
Makinsons Hodgewater Line East & Taylor's Wells 57.63 Simple 10 Summer 2013
Juniper Stump
Makinsons Turkswater & Hodgewater Country Path Wells 5.40 Simple 3 Spring 2013
Line West
Maikavik Makkovik Ranger Bight Pond 14925 Running 3 Summer 2013
Mery's Harbour Mary's Harbour St. Mary’s River 21250 Running 7 Summar 2013
Mary’s Harbour Mary's Harbour - PWDU St. Mary's River 41.00 Simple 3 Summer 2013
Mearysiown Marystown Fox Hill Reservoir / Clam 66 18 Running 103 Summer 2013
Pond
Marysvals Marysvale, Long Pond Drilled 250 Simple 3 Sprng 2013
Massey Orive Massey Drive Trout Pond, Third Pond {2 14450 Running 43 Summer 2013
intakes)
Matus Point Mattis Painl Drilled 000 Simple 2 Fall 2000
McCallum McCallum Drilled 3733 Simple 45 Summer 2013
Mclivers Mclvers Mclvers Brook 11408 Running 54 Summer 2013
Meadows Meadows, Summerside Meatars Pond 97.33 Simple 54 Summer 2013
Waest
Memtt's Herbour Memtt's Harbour Jimmy's Pond 19175 Running 56 Summer 2013
Middie Arm Middle Arm Dam Pond Brook 570 Running 40 Summer 2013
Miles Cove Miles Cove Paddock's Pond 143 50 Running 53 Summer 2013
Millertown Millertown Water Pond 12455 Running 59 Summer 2013
Mililown-Head of Bay Milltown, Head of Bay Jorsay Pond 19227 Running Summer 2013
D'Espoir D'Espoir
Ming's Bight Ming's Bight Middie Brook Pand 10545 Running 30 Summer 2013
Mortisville Momsville Momsville Pong 980 Running k'3 Summer 2013
Mount Morish Mount Moriah Second Pond (Thrae Mile 12395 Running 43 Summer 2013
Pond)
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Mount Peari Mount Peari Bay Bulls 8:g Pond 425 Running 50 Summer 2013
Musgrave Harbour Musgrave Harbour Rocky Pond 15538 Running €3 Summer 2013
Nain Nain Nain Brook and Anainik's 41863 Running 41 Summar 2013
Pond

Namelass Cove Nameless Cove / Flower Franch island Pond 17375 Running 41 Summer 2013

Cove
Natuashish Natuashish (Sango Bay} Sango Brook snd Wellfield 54 58 Running 8 Summaer 2013
New Chelsan-New Sibley's Cove, Lead Cove Sibley’s Cove Pond 2813 Running 55 Summer 2013
Melboumne-Brownsdale-Sibley
‘s Cove-Lead Cove
New Perlican New Perlican New Perlicen River NN Running 62 Summar 2013
New-Wes.Valley Newtown-Tempiaton Carter's Pond 17105 Running 68 Summer 2013
Now-Wes-Valley Waesleyville-Badger's Litila Northwest Pond 18775 Running 65 Summaer 2013

Quay-Pool's Island,

Brookfield-Poundcove
Newman's Cove Newman's Cove Heals Pond Brook 1655 Running 58 Summer 2013
Nippers Harbour Nippers Harbour Blackhead Pond Brook 13§ Running 49 Summer 2013
Nomon's Cove-Long Cove Norman's Cove-Long Cove John Newhooks Pond 146 75 Running 29 Summer 2013
Norris Arm Norris Arm {south) Mill Lake 12875 Running a1 Summaer 2013
Nomis Point Norns Point Neddy Harbour Pond 103.90 Running 62 Summer 2013
North Harbour North Harbour Grandfather's Pond 1065 Simple 2 Summar 2013
North West River North Wast River Waellfield (#1 & #3 Well) + 175 Simple 9 Fall 2012

#2 Wetll

Northermn Arm Northem Arm Muddy Hola Pond 8950 Running 64 Summer 2013
O'Donnels O'Dannelrs Well Fisid 000 Simple 13 Spring 2013
O'Regans O'Regan’s West oo0 Simple 3 Winter 2001
O'Regans East O'Regan’s East Dritled 078 Simple 4 Feil 2012
Old Perlican Qld Perlican Ball Pond 3583 Running 90 Summer 2013
Pacquet Pacquet Big Brook 755 Running 48 Summer 2013
Paradise Paradise Bay Bulls Big Pond 43 40 Running 50 Summer 2013
Parkers Cove Parkers Cove Unnamed brook 106 78 Running 48 Summer 2013
Parson’'s Pond Parson’s Pond Cold Brook 3822 Running 54 Summer 2013
Pasadena Pasadena Blue Guich Pond 17375 Running -] Summer 2013
Pasadena Pasadena (inactive) Transmission Pond 66.30 Simple 42 Spring 2010
Peterview Paterview Northem Arm Lake 90 00 Running 30 Summaer 2013
Pairt Fode Patit Forte Reddy’s Pond 000 Simple 3 Fall 2009
Petlay Petlay Drilled 000 Simple 3 Fal) 2001
Petty Harbour-Maddox Cove Petty Harbour-Maddox Cove Westiern Barrans Pond 10888 Running 29 Summer 2013
Phillips Head Phitiips Head Dogberry Brook 88.15 Running 43 Summer 2013
Piccadilly Head Piccadilly Head (+Wast Bay) Unnamed Brook 000 Simple 41 Winter 2013
Piccadilly Stant-Abrsham's Abraham's Cove #2 Well - Abrgham's Cove 000 Simple 5 Winter 2012
Cove
Piccadilly Siant-Abraham's Piccadilly Slant #1 Well - Piccadilly Stant 27 Simple 5 Winter 2011
Cove
Pidgeon Cove-5t Barbe Pigeon Cove - St Barbe Long Pond 0.00 Simple 1 Fall 2002
Pillay’s Island Pilley’s Istand Loadabats Pond 64 80 Running 58 Summer 2013
Piacentia Dunville Wyses Pond 6765 Running 114 Summer 2013
Placentia Freshwater, Argentio sile Clarkes Pond 13548 Running 82 Summer 2013
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Placentia Placentia, Jerseyside, SE Larkins Pond 16325 Running 13 Summer 2013

Placentia
Plale Cove East Plaie Cove East 085 Simpls 2 Fall 1986
Ploasantview Pleasaniview Little Am Pond 150 05 Running 1 Summaer 2013
Plum Point Plum Poimt Grand Pond 9315 Running AN Summaer 2013
Point Leamington Point Leamington Littls Pond 11910 Running €9 Summer 2013
Point May Point May Shoct's Pond 354 80 Running 59 Summer 2013
Point May Paint May - PWDU Short's Pand 600 Simple 1 Spring 2013
Point of Bay Point of Bay Indian Cove Pond 16525 Running 45 Summaer 2013
Pollards Point Pollards Point East Gearge Ricks Pond 153.00 Simpie 2 Summer 2012
Pollards Point Poliards Point, Country Cove Country Cove Pond 000 Simple 1 Fell 2003
Poof's Cove Poofs Cove Widgeon Pand 18598 Running 59 Summer 2013
Port Albart Port Alben feaverion Pond 15045 Running 51 Summer 2013
Port Anson Port Anson Anchor Pond 18205 Running 51 Summer 2013
Port Blandford Port Blendford Noseworthy's Pond 18925 Running n Summer 2013
Port Hope Simpson Port Hope Simpson Arnold's Brook and Pond 32325 Running 34 Summer 2013
Port Kirwan Norh Side Dug Well / Drilled Well 150 Simple 3 Spring 2013
Port Kirwan Port Kirwan Devsioped Spnng 2.70 Simplo 6 Spring 2013
Parl Saunders Port Saunders Tom Taylor's Pond 191 00 Running 61 Summer 2013
Port au Choix Port au Choix Well Field 13330 Running 29 Summer 2013
Port au Choix Pon au Chaix Winterhouse Pond 11330 Simple 7 Summer 2013
Port au Port East Port au Port Eest Drillad Well - 75-80% 3265 Simple Ky Spring 2013

Betry Head Walershed -
20-25%

Port au Port Felix Cove #4-Goose Pond Road Well 13.10 Simple " Spring 2013
West-Aguathuna-Felix Cove
Port au Port Falix Cove #5 Ocean View Drive Well 0.00 Simple 3 Spring 2013
Waest-Aguathuna-Felix Cove
Pon au Port Port au Port West Jim Rowe's 8rook 185.00 Simple k7 Fal) 2008
West.Agusthuna-Felix Cove
Port au Port Port au Port Wast, #1 & #3 & #6 FatharJoy's 8235 Running 24 Summer 2013
West-Aguathuna-Felix Cave Aguathuna Well
Portland Creek Portiand Creek Unnamed Streams 892 Running 49 Summer 2013
Portugal Cove South Portugal Cove South Wrights Brook 000 Simple 24 Fall 2011
Portugal Cove-St. Phillips Portugal Cove-St. Philiips Bay Bulls Big Pond 44 40 Running 36 Sumemer 2013
Postville Postville Big Pond 208 50 Running M Summer 2013
Pouch Cove Pouch Cove North Three island Pond 17395 Running 66 Summer 2013
Purcelr's Harbour Purcel’s Harbour Purceils Harbour Pond 31900 Running 66 Summer 2013
Pynn's Brook Pynn's Brook Pynn's Brook 2800 Simpla L)) Summer 2013
Raleigh Raleigh #4 Well 270 Running 1" Winter 2012
Ramea Ramea Northwest Pond 183 50 Running 70 Summer 2013
Ramea Ramea - PWDU Northwest Pond 2617 Running 21 Summer 2013
Random Sound West North West Brook, lvany #1 Wall - Cabot Road 000 Simple 2 Winter 2003

Cove South Well
Random Sound West North West Brook, lvany #2 Well 425 Simple 2 Winter 2003

Cove
Random Sound West North West Brook, [vany #3 Well - Harbour Wall 2760 Simple 10 Spring 2013

Cove
Random Sound Wast Qusen's Cove Reservoir 15025 Running 68 Summer 2013
Rattling Brook Rattling Brook Mark's Pond Brook 20025 Running 43 Summer 2013
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Red Bay Red Bay Northern Brook 16 30 Running a7 Summer 2013
Red Harbous Red Harbour Drilled 267 Simple 3 Fall 2001
Reidville Reidvsie Humber Canal, Grand Lake 98 00 Running 43 Summar 2013
Renews-Cappsahayden Cappahayden #1 Dinn's Well 1930 Simple 13 Spring 2013
Rigotet Rigotet Rigolet Pond 22300 Simpte 34 Summer 2013
River of Ponds River of Ponds Bumt Head Ponds 57 40 Running 49 Summer 2013
Riverhead Riverhead {(SI. Mery's Bay) Well Field 000 Simple 1 Fall 2006
Robert's Arm Robert's Arm Young's Pond / Dam Pond 10497 Running 57 Summer 2013
Rocky Harbour Rocky Harbour Gull Pond 20300 Running 60 Summer 2013
Roddickion-Bide Arm Bide Am First Clay Cove Pend 12385 Running 43 Summer 2013
Roddickion-Bide Arm Rodditkton East Brook Pond 126 50 Running 65 Summer 2013
Raose Blanche-Harbour Le Rose Blanche-Harbour Le Rose Blanche Brook 273 Running 64 Summer 2013
Cou Cou

Rushoon Rushoan Big Pond Brook 2318 Running 53 Summer 2013
Salmon Cove Salmon Cove Rocky Pond a1l Runming s0 Summer 2013
Salvage Salvage Wild Cove Pond 34275 Runming &0 Summer 2013
Sandringham Sandnngham Oritled 000 Simple 4 Fall 2012
Sandy Cove Sandy Cove Dug 190 Simple 23 Fell 2012
Seal Cove (F8) Seal Cove, F B, Big Btack Duck Pend 000 Simple 18 Fall 2007
Soal Cove (WB) Seal Cove, WB. Seal Cove Brook & Long 12215 Running 53 Summer 2013

Pond
Sheaves Cove Sheaves Cove Dnited 150 Running 8 Winter 2010
Sheaves Cove Sheavas Cove Unnamed Brook 0.73 Running a8 Winter 2013
Sheppardville Sheppardville Drilled N0 Simple 21 Summer 2013
Shashatlsheits Sheshashaeits - Indian Band Wells 4, 2&3 7240 Simple 18 Fall 2012
Council

Ship Cove-Lower Lower Cove #5 Well - Lower Cave Well 000 Simple 3 Spring 2013
Cove-Jerry's Nose

Ship Cave-Lower Ship Cove East #3 Well - Bemard Brake 000 Simple 3 Spnng 2013
Cove-Jerry's Nose Well

Ship Cove-Lower Ship Cove, Jerry's Nose #1 Well - PJ's Variely Well 000 Simple 9 Fall 2012
Cove-Jemry's Nose

Ship Cave-Lowar Ship Cove, Jerry's Nose #2 Wetl - Howard & Rodney 000 Simple 2 Spring 2013
Cove-Jerry's Nose Josso Well

Ship Cave-Lower Ship Cove, Jerry's Nose #4 Weli - Nancy Rowe Well 000 Simple 3 Spring 2013
Cove-Jarry's Ncse

Ship Cove-Lower Ship Cove, Jermy's Nose #5 Wall - Murdock Wheeler 480 Simple 3 Spring 2013
Cove-Jarry's Nose Well

Shoe Cove Shoe Cave Second Pond 000 Running 14 Summer 2013
Small Point-Adam’s Adam's Cove #1 Well - Reg Bursey Wetl 390 Simple 1 Spring 2013

Cave-Blackhead-Broad Cove

Small Poinl-Adam'’s Hroad Cove #8 Woll - Herb Trickett Well 10300 Simple 1 Spring 2013

Cove-Blackhesd-Broad Cove

Small Pownl-Adam's Broad Cove #7 Wall - Gin Bedcock Wall 1850 Simple 1 Spnng 2013
Cove-Blackhead-Broad Cove

Small Point-Adem's Small Point #8 Well - Effi Flight Welis 200 Simple 1 Spring 2013

Cove-Blackhesd-Broad Cove

Smdh's Harbour Smith's Harbour Fleshetls Brook 000 Running 54 Summer 2013

Smih's Sound Harcourt-Monrog-Waterville Developed Spring 000 Simple 6 Spring 2013

Sop's Arm Sop's Arm Little Tickle Pond 000 Running 4 Winter 2006

South Brook South Brook Nex to Brook 802 Runnng 48 Summer 2013

South Dildo South Dildo #5 Wall - Calvin Reid Wel 000 Simple 2 Winter 2005

South Dildo South Dildo Broad Cove Pond 9993 Running 51 Summer 2013
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South River South River Brigus Long Pond (lo 9978 Running 29 Summer 2013
Southem Harbour Southemn Harbour :::::)u Pond 11160 Running a3 Summer 2013
Southport Southport 000 Simple 3 Spring 2001
Spaniard's Bay spaningf. Bay (+Upper :.nllyl Pond (Spider's 44 20 Running 62 Summer 2013
Springdate g::nnfuod:l:’] s:::,m’s Pond (2 Intakes) 72 40 Running 73 Summer 2013
Spemngdate Springdale Industnal Park Well 000 Simple 7 Spring 2013
St. Alban's St Aban's Well Field 0.00 Simple 10 Spring 2013
St. Andrews Air Stnp Road #4 Well Sirip Road Wall 000 Simple 4 Spring 2013
St. Androws St. Andrew's #1 Well 190 Simple 3 Fall 2012
St. Andrews St. Andrew's #2 Well 000 Simple 3 Fall 2012
St Andrews St. Andrew's East #3 Welt 180 Simple 3 Fall 2012
St. Anthony St. Anthony St Anthony Pond 13025 Running Ial Summer 2013
St. Anthony Bight St. Anthony Bight Cabbox Pond 000 Runming 45 Summer 2013
St. Bemard's-Jacques St. Bemard's-Jacques Rattie Brook 000 Running 80 Summer 2013
Fonlaine Fontaine
St. Bride's St. Bride’s North Side Brook 000 Running 4 Winter 2003
St. Bride’s St. Bride's South Side Brook ogo Running 4 Winter 2003
St George's St. George's gribblo Brook (Backup 409 00 Running 48 Fail 2009
St. George's St. Gearge's M;‘oml)d 935 Simple 12 Spnng 2013
St. John's St. John's Windsor Lake 5375 Running 73 Summer 2013
St. John's St. John's (+M1. Pearl, Bay Bulls Big Pond 4200 Running 88 Summer 2013
+Paradise, +Portugal
Cove-5t. Philiips, +CBS)
St. John's St. John's Mixing Zone St John's Mixing Zone 7570 Running 6 Summer 2013
St. John's S1. John's, Kilbride Peity Harbour Long Pond 6033 Simple a Fall 2002
inactiv
St Judes St. Judes t:hl:o ;:ook 000 Simple 3 Summer 2005
St. Judes St. Judes Uncle Asthur Brook 000 Simple 3 Summer 2005
St. Lawrence St Lawrence St. Lawrence River e Running n Summer 2013
SI. Lawrencs St. Lawrence - PWDU St. Lawrence River 1229 Simple 2 Summer 2013
St. Lewis St. Lewis Tub Harbour Pond 21100 Running 39 Summer 2013
St. Lunaire-Griquet Gunners Cove Lookout Brook 21050 Running 3 Summer 2013
St. Lunaire-Griquet St. Lungire-Griquet Drilled 18.30 Simple 11 $Spring 2013
St. Lunaire-Griquet St. Lunaire-Griquet Joe's Pond 12537 Simple 49 Summer 2013
St. Mary's St. Mary's Weitfield 450 Simple 4 Spring 2013
St. Pauls St Pauls Two Mile Pond 36375 Running 63 Summer 2013
St. Shott's St. Shot’s Unnamed Pond 77 45 Running 59 Summer 2013
Steady Brook Steody Brook Steady Brook 13207 Running 60 Summer 2013
Stephenville Stephenville Well Field 1268 Running 39 Summer 2013
Slephenvilile Croasing Stephenvillle Crossing Well Fields 1 & 2 137 Simple [ Fall 2012
Stonavills Stoneville Dog Bay Pond Brook 9945 Running 51 Summer 2013
Strardsview Straitsview Saddle Hill Pond 9595 Running 46 Summer 2013
Summerford Summaerford (+Cottlasvills) Rushy Cove Pond 279 50 Running 7 Summer 2013
Sunnyside (T.8 ) Sunnyside Centar Cove Rivar 30300 Running 42 Summer 2013
February 26, 2014 Page 11
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Newﬁ)l::l dland oessmentof ovrorman THMs Summary for Public Water Supplies - I Z
Labrador ™ Corsenation in Newfoundland and Labrador
Communtty Name Servicad Aroals) Source Name THMs Average  Average Type Total Samples Last Season
{ug/L) Collected Sampled
Terrenceville Terrencoville Big Brook 16525 Running 70 Summer 2013
Thomlea Thomiea Big Bakespple Pond 000 Running 40 Summer 2013
Tizard's Harbour Tizzard's Harbour Rocky Pond 5015 Running 58 Summer 2013
Tompking Tompking Greg Wal Wel 000 Simple 2 Winier 2003
Torbay Torbay North Pond 13238 Running 70 Summer 2013
Trepassey Trepassay Broom Cove Pond 4865 Running 26 Summer 2013
Trepassey Trepassey Miller's Pond 1157 Running 79 Summaer 2013
Trindy Tonity, T8B. Indian Pond 21578 Running 3 Summer 2013
Trinity Bay Noch Little Catalina Whirl Pond 22500 Runaing 78 Summer 2013
Trindy Bay Noah Melrose Whirl Pond 22718 Running 75 Spring 2013
Teinity Bay North Port Union. Cataling (+Little Whirl Pand 176 07 Running 79 Summer 2013
Catalina)
Triton Triton. Jim's Cove, Card's Tnton Pond 18900 Running 72 Summer 2013
Harbour
Trout River Trout River Feeder Brook 375 Running 59 Summer 2013
Twillingete Twillingate Wild Caove Pond 12188 Running 88 Summer 2013
Upper Amherst Cove Uppar Amherst Cove Drilled 1250 Simple 14 Spring 2013
Upper Ferry Upper Farry n :wn - Angus MacNeil 0.00 Simpte 1 Spring 2006
Upper Ferry Upper Farry - Lower ;\I’. \INoll - Gerard Brownngo 160 Simple 2 Winter 2003
Upper Ferty Upper Ferry - Middle ‘!:'u Well - Hughie Macissac 388 Simple 2 Winter 2003
Upper Farry Upper Ferry - Upper ;3. \”Noil - Marshalt Devoe 000 Simple 2 Winter 2003
Upper Isiand Cove Upper (sland Cove :olly- Pond (Spder's 8045 Running 72 Summer 2013
Victona Victoria (+Saimon Cove) R:::; Pond 2917 Running 58 Summer 2013
Virgin Arm-Canter's Cove Virgin Arm-Carter's Cove 957 Simple 7 Winter 2001
Wabana Wabana #3 Yard West Mines Road 2000 Simpla 12 Spring 2013
Wabana Wabana #4.Woest Mines Road 16 65 Simple 11 Spring 2013
Wabana Wabans Middlelon Ave 560 Simpla 3 Spring 2013
Wabana Webana Mixed Supplies 3500 Simple 21 Spring 2013
Wabana Wabana Normore Crescent East #1 0.00 Simple 3 Spnng 2013
Wabana Wabans Quigley’s Line 235 Simple 13 Spring 2013
Wabana Wabana Scatia #1 2580 Simple 5 Spring 2013
Wabana Wabana St. Edward's Memorial St. 220 Simple k] Spring 2013
Wabush Wabush Wahnahnish Lake 86 00 Running 48 Summer 2013
West Bay West Bay Unnamed Brook 107 Simple 7 Winter 2013
West Bay West Bay Victor's Brook 11485 Running 41 Summer 2013
Waest St Modeste Wast St Modeste Well Field 83 18 Running 35 Summer 2013
Waeslport Waestport Westermn Brook Pond 000 Simple 45 Spring 2013
Whitboume Whiibourna Hodges River 9538 Running 68 Sumsmer 2013
Wniteway Whreway (+Cavendish) Long Pond 12485 Running 6 Summer 2013
Whieway Whiteway - PWDU Long Pond |25 Running 5 Summer 2013
Wild Cove Wild Cove Hedderson's Pond Brook 000 Simple 14 Winler 2008
Winterland Wintertand Well Field 550 Simple 3 Fall 2012
Winterton Winterton Western Pond 3285 Running 66 Summer 2013
February 26, 2014 Page 12
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Trihalomethanes DOC316.53.01143
THM Plus™ Method Method 10132
{10 to 600 ppb as Chloroform) Water Bath Method

Scope and Application: For screening THMs Iin drinking water samples and Formaltion Potential tests,

m Test preparation

How to use instrument-specific information
The Instrument-specific information table displays requirements that may vary between

instruments. To use this table, select an instrument then read across to find the corresponding
Information required to perform this lest.

Table 411 Instrument-specific information

Instrument Sample cell Cell orientation

DR 6000 2427606 and 2495402 Sample cell faces right

DR 5000 2427606 and 2495402 Sample cell faces user

DR 3800 2427608 and 2495402 Sampla cell faces user

DR 3800, DR 2800, DR 2700 2427606 and 2495402 Sample cell facas right
Before starting the test:

Analyze the samplaes immediately after collection or rafrigerate the samples until the analysis is completa.

It the samples were refrigerated afier collaction, do not warm the samples 1o room temperature prior to analyzing. This will
minimize volatilization of the disinfection by-products (DBPs). If refrigeraled samples are analyzed, heat the samples for an
additlonal two minutes (lotal of seven minutes) in step 12 of the procedure.

If analyzing more than four samplas, use 450 mL of water in the watar bath.

THM Plus Reagent 2 must be at room temperature before use.

A bottle-top dispenser may be used in placs of the TenSetle® Pipet.

Trihalomethane compounds are exiremely volatila. Immediately cap sample cells after filling with sample.

Reagent blank Is stable for 1~2 hours and need not be prepared for sach test,

Do not mark below the 10 mL fill line.

Trihalomethanes
Page 1 of 10



Trihalomethanes

3 -2

Collect the following items:

Dascription Quantity
THM Plus Raagent Set varies
Beaker, 600-mL 1
Cell Holder Assambly, TTHM 1
Evaporaling Dish, 125 mm x 65 mm 2
Hot Plata, 7 x 7 inch 1
Pipet, TenSette®, 0.1-1.0 mL and tips 1
Pipet, TenSette®, 1-10 mL and tips 1
Sample Cells, 10-mL (see the Inslrumeni-specific informalion table) 2
Wipers, dispasable varies
leo! varies

See Consumables and replacement itams for reorder infarmatien.

1 Depending on the lemperature of the tap water, ice may be needed for tha cooling baths used in steps 14 and 17

THM Plus Method

Important Note: Perform steps 4-9 rapidly lo avoid loss of THMs from the sample. When tasting more than one
sample, complete steps 4—9 for one sample befare going on to another. If dispensing sample with a pipetts, the
pipetie must dispense quickly without causing asration or back pressure.

0T3S a1 R B rmmar o ol e A e r 0

I 725 THM Plus

1. Select the test,

2. Prepare a hot water

rv.- A b D E e 7

1

3. Prepare a cooling bath

4. Prepared Sample: Fill

Insert an adapter f bath by adding 500 mL of by adding 500 mL ofcold  one round sample cell to
required (see water lo an evaporating (18-25 *C)tap watertoa  the 10-mL mark with
the Instrument-specific dish. Putthe dishonahot second evaporatingdish.  sample. Cap and label as
Information table). plate and turn the heater ~ Maintain the temperature  “"sample”.
igh. i .
Refer to the user manual on high in this range
for orientation.
Trihalomethanes
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Trihalomethanes

THM Plus Method {continued)

Flll the second sampla cell
with deionized water. Cap
and label as “blank”.

5
3
i
|

P T T T STy

n
i
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i
i
i
;
|

9. Cap tightly and mix by
shaking.

Thorough mixing makes
sure that all of the THM
goes into the liquid and
does not accumulate in the
air above the sample.

6. Add three drops of
THM Plus Reagent 1 to

(LN O e o W S E T W A Y

10. Place the sample cells
in the cell holder

o uua:-uw-umu.‘a.u-._w.—i,
C

!

)

q

§
i

‘
T e L e gt vl
7. Cap tightty and mix
gently by swirling each cell
three times.

Vigorous shaking can
cause loss of THMs into
the sample cell
headspace.

(eXXX @]

11. Place the assembly in
the hol water bath when
the water is boiling rapidly.

Do not allow the water to
rise above the white
“diamond” near the top of
the sample cells.

8. Use a TenSette® Pipet
fo add 3 mk of THM Plus
Reagent 2 to each cell.
Avold excess agitation of
the sample when
dispensing the reagent.

The reagentis viscous and
a small amount may
remaln on the tip after
dispensing. This will not
affect the resuits.

timer.

A five-minute reaction
period will begin.

Heat for 7 minutes if
refrigerated samples are
belng analyzed.

Trihalomethanes
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Trihalomethanes

THM Plus Method (continued)

2
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13. When the timer
explres, remave the
assembly and sample
cslis from the hot water
bath. Place in the cooling
bath.

Use ice to cool the lap
water if necessary.

17. Start the instrument
timer.

A three-minute cooling
period will begin.

When the timer expires,
remove the cells from the
cooling bath.

The temperature of the
sample should be
15-25 °C.

14. Start the instrument
timer,

A three-minute cooling
period will begin.

When the timer explres,
remove the cells from the
cooling bath.

Invert each cell a few
imes to make sure that a
uniform temperature of the
sample is maintained.

18. Add the contents of
one THM Plus Reagent 4
Powder Plilow to the
sample cell and one to the
blank,

15. Uss a TenSelte Pipet
to add 1 mL of THM Plus
Reagent 3 to each cell.
The sample and blank will
become warm.

il MW LU T TS 5 ol T o G T

S A

T YT D= [P -y

e n

19. Cap each cell tightly
and mix by shaking until all
the powder dissolves.

The powder dissolves
slowly. Intermittent
shaking during the first five
minutes of the color
development period will
help dissolve the reagent
powder.

A 4R (N b e = T

16. Replace the cooling
waler with fresh, cold tap
water. Place the assembly
that contains the sample
and blank cells into the
cooling bath.

Use ice to cool the tap
water if necessary.

20. Start the instrument
timer.

A 15-minute development
time will begin,

The color Is stable for at
least 30 minutes afier the
15-minute development

Trihalomethanes
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Trihalomethanes

THM Plus Method (continued)

:
g
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5_-. TN I
23, ZERO the Instrument.

i-;m—"- B T

24, Wipe the prepared

21. Afierthe timer expires, 22, When the timer
pour the prepared sample  expires, wipe the blank The display will show: sample and Insert it into
and prepared blank into and insert it into the cell Py the celt holder.
two square sample cells.  holder. 0 ppb CHCI3 READ the results In ppb
Allow the salution to settle chioroform (CHCI5).
in the square cells for 30
seconds to enable any
turbidity that may be
present o settle.
Interferences
Table 412 Interfering substances!

Interfering substance Interference level

Chlorine 10 mgiL

Copper 1000 mg/L

1000 mg/L as CaCO,
Herdnass, Ca May have some turbidity until Reagent 3 is added
4000 mg/L as CaCO4

Hardness, Mg May have some turbidity until Reagent 3 is added

Iron 10 mg/L.

Lead 2mgiL

Marcury 10 mg/L

Monochlpramine 20 mgiL

Nicke! 10 mgiL

Sodium Bisulfite 100 mgiL

EDTA Interferes negatively at all levels

1 The substances In the Interfering substances table have been tested and found to cause no interfsrence up to the indicated levels.

Table 413 Additional disinfection by-products (DBPs) that are included in resuilts

Compound Effect

1,1,1-trichloro-2-propanone Interfaras posilivaly
1.1.1-tricholoacelonitrile Interfares positively
Chioral hydrate Interferes posilively
Dibromochloroacetic acid Interferes positively

Trihalomethanes
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Trihalomethanes B

Table 413 Additional disinfection by-products (DBPs) that are included in results

Compound Effect

Dichlorobromoacstic acid Interferes positively
Tribromoacelic acid Interfares positively
Trichloroacatic acid Interferes positively

Sample collection, preservation and storage

» Collect samples in 40-mL glass bottles sealed with Teflon®-lined septa caps.
+  Fill the bottles slowly lo overflowing sa that no alr is included with the sample.
« Seal the bottles tightly and invert to check that no air has been trapped.

« Because rihalomethane compounds (THMs) are extremely volatile, immediate analysis yields
the greatest accuracy. If the samples cannot be analyzed immediately, cool samples to 4 °C.
This will slow the formation of any additional THM compounds in chlorinated samples.

* Store the samples at 4 °C In an atmosphere free of organic vapors. Samples should not be
held more than 14 days. 0.1 N Sodium Thiosulfate can be used lo dechlorinate samples for
longer storage.

* Add 1 drop of 0.1 N Sodium Thiosulfate to dechlorinate a finished or distribution system
sample collecled in a 125 mL bottle.

Trihalomethanes
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Trihalomethanes

Accuracy check
Required for accuracy check:
*  THM Standard Ampule, 10 mgiL as chloroform
*  Ampule breaker
e Wiratrol™ Pipet

Note: Make sure that the chlaroform is not fost to volalilization when attempling to add the chioroform (o
the solution. Maks sure thal the chioroform ampule is kept cold (can use a small ice-bath).

Standard additions method (sample spike)
1. Open a THM Standard Ampule, 10 ppm as chloroform.,

2. Use a Wiretrol Pipet to transfer 0.100 mL (100 pt.) of the chloroform standard into a fresh
10 mL portion of sample.

3. Immerse the end of the pipet tip under the water and slowly dispense the chioroform.
4. Cap the sample cell immediately and swir three times to mix.

Nate: The accuracy check methods raquire careful attention lo technique, for it is very easy to lose the
chioroform to volatilization when attempting (o add it (o the solution. Maks sure the chioroform ampule is
kept cold (may wish to use a small ica-bath)

5. Immediately start steps 624 of the procedure to analyze the spiked sample.

6. The value of lhe spiked sample should increase 100 +/- 20 ppb over the value obtained on the
original unspiked sampla.

7. Calculate the % Recovery:
% Recovery = b THMs Spiked Sample — ppb THMs Unspiked Sample x 100

100 ppb THM Added

Standard solution method

1. Prepare a 99 ppb chloroform standard by pipetting 10.0 mL of organic-free water into a sample
cell. Open a THM Standard Ampule, 10 ppm as chloroform, Use a Wiretrol Pipet to transfer
0.100 mL (100 pL) of the chioroform standard into the organic-free water. When adding the
standard Into the sample, discharge the pipet slowly at or near the bottom of the sample cell
with a slight swirling motion.

Note: If the aliquot of the slandard is discharged (oo quickly, the solution will form a single bubble which
will rise to the top of the solulion and volatilize, withoul being absorbed in the solution.

2, Cap the sample cell immediately and swirl three times to mix.

3. Immediately start staps 6-24 of the procedure. Do not make up the standard in advance. Use
the standard immedialely upon preparation.

4. To adjust the calibration curve using the reading obtained with the 99 ppb Standard Solution,
navigate to Standard Adjust in the software: OPTIONS>MORE>STANDARD ADJUST

5. Tum on the Standard Adjust feature and accept the displayed concentration. If an altemate
concentration is used, enter the concentration and adjust the curve to that value,

Trihalomethanes
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Method performance

Precislon Sensitivity
Program Standard 95% Confidence Limits of Concentration change
Distribution per 0.010 Abs change
725 66 ppb CHCla §3-79 ppb CHCl3 19 ppb CHCl3

Summary of method

The THM Plus method reacts with the irihalogenated disinfection by-products formed as the resuilt
of the disinfection of drinking water with chlorine in the presence of naturally occurring organic
materials. These disinfection by-products (DBPs) may be produced in the treatment plant or the
distribution system as long as the water is in contact with free chlorine residual. The formation of
the D8Ps is Influenced by chiorine contact ime, chlorine dose and residual, temperature, pH,
precursor concentration, and bromide concentration.

The predominant DBPs formed by the chiorination of drinking water ara the trihalomethanes or
THMs. The four trihalogenated compounds that form are chloroform, bromoform,
dichlorobromomethane, and dibromochloromethane. These four compounds comprise the Total
Trihalomethanes (TTHMSs) group which is regulated under the Safe Drinking Water Act, The
comblned concentration of the TTHMs, is regulated in drinking water samples. Other DBPs that
may be present and react under the condilions of the THM Plus method are listed In Interferences.

In the THM Plus method, THM compounds present In the sample react with

N. N.-diethylnicotinamide under heated alkaline conditions to form a dialdehyde intermediate. The
sample Is then cooled and acidified to pH 2.5. The dialdehyde intermediate formed is then reacted
with 7-amino-1,3 napthalene disulfonic acid io form a colored Schiff base. The color formed is
directly proportional to the total amount of THM compounds present in the sample. Test results are
measured at 515 nm and reporied as ppb chioroform.

Consumables and replacement items

Required reagents

Dascription Quantity/Test Unit Catalog number

Reagent Set (50 tasts?), includes: 2790800
THM Plus™ Reagent 1 & drops 15 mL 2753928
THM Ptus™ Reagent 2 6mL 330mL 2754048
THM Plus™ Reagent 3 2mL 110 mL 2754142
THM Plus™ Raagent 4 2 pillows 100 pillows 2756699

1 Fify tests equals 25 sampies and 25 Individual blanks. Additional tests can be obtained when multiple samples ara run using a single blank.

Required apparatus

Description Quantity Unit Catalog number
Beaker, 600-mL 1 each §0052

Cell Holder Assembly, TTHM 1 each 4788000
Evaporating Dish, 125 mm x 65 mm 2 each 2764700
Hot Plate, 7 x 7 in., 115 VAC, digital 1 each 2881600
Hot Plate, 7 x 7 in., 230 VAC, digital 1 each 2881602
Pipel, TenSette®, 0.1~1.0 mlL 1 each 1970001

Trihalomethanes
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Trihalomethanes
Required apparatus
Dascription Quantity Unit Catalog number
Pipet Tips for TenSetts Pipst 19700-01 varies 50/pkg 2185896
Pipet, TenSette®, 1-10 ml 1 each 1970010
Pipst Tips, for TenSette Pipet 19700-10 varies 50/pkg 25589396
Wipers, disposable varies 280/pkg 2097000
Recommended standards
Description Unit Catalog number
Chloroform, 10-ppm ampule 7/pkg 2756707
Water, Reagent, Organic-free 500 mL 2641549
Optional reagents and apparatus
[ Description Unit Catalog number
[ Pipet, filer, safaty bulb each 1465100
Pipst, valumelric, class A, 10 mL each 1451538
Pipetias, Wiretrol ™, 50-100 L 250/pkg 2568805
Vials, glass, 40-mL, with Septa cap 5/pkg 2794005
| Sodium thiosulfate standard solution, 0.1 N 100 mL 323-32

Trihalomethanes
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Appendix C — UV/VIS Data

Table A-1 Absorbencies at a common wavelength for a spiked 10% methanol/water sample

Concentration Absorbance

(V/V) 207 nm 214 nm
4dropsin No absorbance No absorbance
quartz cell

Table A-2 Absorbencies at a common wavelength for a 1/100 THM/methanol sample

Concentration Absorbance
(V/V) 207 nm 214 nm
1/100 0.1552 0.1375
Table A-3 Absorbencies at a common wavelength for the THM standards in methanol
Concentration Absorbance at 207 and 214 nm unless otherwise stated
{PPM) 207 om 214 nm
200 4.500 4.500
100 1.6765 (203nm) 1.8835 (213 nm)
50 No Absorbance 1.1638 (213 nm)
25 0.7842 (206 nm) 0.8010 (212 nm)
10 No Absorbance 0.3433 (210 nm)
5 0.1511 (205 nm) 0.1510 (211 nm)
2 No Absorbance No Absorbance
1 No Absorbance No Absorbance

Note: No absorbance = closest wavelength which holds an absorbance value is >+5 nm from 207

and 214 nm.




