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Case Study Presentation 
 Groundwater monitoring program of Hardhof plant close to the old waste 

disposal site of Herdern (closed in early 1950s) 
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Zurich Drinking Water 

 70% comes from the lake 
 15% from the groundwater plant Zurich-Hardhof 
 15% from the Spring Water plant Sihlbrugg 

https://www.stadt-zuerich.ch/dib/de/index/wasserversorgung/trinkwasser.html 4 



Zurich Drinking Water  
 

 Highly regulated as any other 
foodstuff in Switzerland 

 Toleranzwerte and Grenzwerte are 
given by the Fremd und 
Inhaltsstoffverordnung (FIV)  

 Monitoring is very important 
 Biological analysis 
 Physical analysis 
 Chemical analysis 

 Online-analysis (e.g., pH, turbidity) 

 Monitoring with trouts and water fleas 

 Samples are analyzed in the lab 

https://www.stadt-
zuwasserversorgungerich.ch/dib/de/index//Qualitaetsueberwachung/qualitaetskontrolle.html 
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演示者
演示文稿备注
Field measurements: T, pH, EC, DO, redox potentialExplain toleranzwerte and grenzwerteImportant is also to have good taste, color, smell otherwise consumers wont drink it even though there might be no adverse health effects.



Inorganic compounds 
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Organic compounds 

 Cations (e.g., Arsenic, lead, Mercury) 
 Toleranz and Grenzwerte are in the range of 

1ppb-5ppm 
 

 Anions (e.g., nitrate, nitrite, cyanide) 
 Toleranz and Grenzwerte are in the range of 

0.01-40ppm 

 Pesticides  
 Toleranzwerte for the sum are 0.5ppb 
 

 PAH (ex. benzo[a]pyrene) 
 Toleranzwerte are 0.01ppb for benzo[a]pyrene 

and 0.1ppb for the sum of PAHs 
 

 MAH (e.g., BTEX) 
 Toleranz and Grenzwerte are around 3ppb 
 

 VOC (e.g., vinyl chloride) 
 Toleranz and Grenzwerte are around 0.5ppb 
 

 THM 
 Toleranz and Grenzwerte are around 50ppb 
 
 
 

演示者
演示文稿备注
Are given by the Kantonales Labor Zürich 1ppm=1mg/LTHM trihalomethane  disinfection product



Groundwater used for drinking water 
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演示者
演示文稿备注
Extensive list for drinking water, now for groundwater less extensive, but also make sure that it is free of contaminants, and there is different lists for this.Given by the Waters Protection Ordinance (WPO) in CH



 

 Chemical contamination usually due 
to long term exposure 

 

 Short term exposure usually only if 
really high concentrations 
 Chemical spill 
 Many times has undrinkable taste, 

color and/or odor 

http://edition.cnn.com/2015/08/09/us/colorado-epa-mine-river-spill/ 

Health Effects 
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Release from Gold King Mine (EPA) August 2015 

演示者
演示文稿备注
Majority of evident water-related health problems are the result of microbial (bacterial, viral,.) contamination. Chemical contamination more of a long term risk.Few chemical constituents of water that can lead to health problems resulting from a single exposure unless present in great concentrations (spill). Many times in that case water has an undrinkable taste anyways.Emergency Response to August 2015 Release from Gold King Mine (EPA) While excavating above the old adit, pressurized water began leaking above the mine tunnel, spilling about three million gallons of water stored behind the collapsed material into Cement Creek, a tributary of the Animas River.



Compound Health effect 

Vinyl chloride Carcinogenic (group 1) 

Epichlorohydrin Genotoxic carcinogen (group 2A) 

PAH (especially Benzo[a]pyrene) Carcinogenic (group 1) 

POP (pesticides, flame retardants, 
PCBs, endocrine disrupters) 

Accumulate in food chain (high levels in fish and marine mammals). Chronic non-lethal effects 
including potential immunotoxicity, dermal effects, impairment of reproductive performance and 
carcinogenicity.  

Pesticides 
Inhibition of neurotransmitter function in the central and peripheral nervous systems. Herbicides 
interfere with metabolic pathways. Acute effects on agricultural workers. Correlation with 
numerous diseases: endocrine system, immune system. 

VOC General effect on central nervous system, liver and kidneys. Associations found in epidemiological 
studies: childhood leukemia, developmental abnormalities. 

Pharmaceuticals Are chemicals of emerging concern (Antibiotic-resistance) 
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Organic compounds 

演示者
演示文稿备注
Chemicals of emerging concern: pharmaceuticals  non target analysis necessary which is difficult. Present at very low concentrations and 50% usually are removed with treatment processes.PCB: polichlorinated biphenylsGuidelines for drinking water quality by WHO (World Health Organization)International Agency for Research on Cancer (IARC)Chemicals can be classified due to their potential carcinogenic risk:Group1: the agent is carcinogenic to humansGroup 2A: the agent is probably carcinogenic to humansGroup 2B: the agent is possibly carcinogenic to humansGroup 3: the agent is not classifiable as to its carcinogenicityGroup 4: the agent is probably not carcinogenic to humans



Compound Health effect 

Nitrates and Nitrites (not harmful by 
themselves but due to their metabolic 
products) 

Induction of methaemoglobinaemia (oxidation of hemoglobin) and short term exposure can be 
fatal for bottle-fed infants. Formation of nitrosamines which are carcinogens. 

Lead (Pb) Neurotoxin: adverse effects on neurbehavioral and developmental systems, including learning and 
behavior; cognitive deficits partly reversible. 

Arsenic (As) Cancer of lungs, lymph, prostate, liver. High exposure: abnormal skin pigmentation, abdominal 
cardiovascular symptoms. 

Cadmium (Cd) Kidney and digestive diseases, increased calcium excretion leading to weakening of bones 

Mercury (Hg) Neurotoxin: mental disturbances; atazia (loss of balance), disturbance of speech and other 
capacities such as vision, chewing and swallowing. 

Chromium VI Carcinogenic group 1 (especially through inhalationlung cancer) 

Cyanide Highly toxic  200mg cause death in few minutes 
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Inorganic compounds 

演示者
演示文稿备注
Ammonium bad odor and taste at values lower than there will be health effects so no value is give



Contamination sources 

http://www.precisionnutrition.com/wordpress/wp-content/uploads/2009/05/potential-sources-of-water-contamination.jpg 
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Waste Disposal Site 
 Problems can persevere for a very long time even after closure 
 Formation of gas (LFG) 
 Leachate 
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http://www.theecologist.org/campaigning/2719383/toxicnbsplandfill
s_fracking_and_the_lethal_threat_of_environment_agency_negle
ct.html 

http://www.itrcweb.org/ism-1/3_1_2_Conceptual_Site_Models.html 

演示者
演示文稿备注
LFG: Methane and carbon dioxide, lesser amount hydrogen, oxygen, nitrogen, hydrogen sulfide.



Leachate 

 
 Liquid that drains/leaches from the landfill and contains contaminants 
 Type of waste 
 Age of landfill 
 Climate (heavy rainfall) 
 Topography 

 
 

 Can reach groundwater and surface water  
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Possible contaminants 

 Organic compounds 

 Pharmaceuticals e.g. sulfamethoxazole, ibuprofen 
 Pesticides e.g., atrazine 
 PCBs 
 Flame retardants e.g., PBDEs 
 Polycyclic aromatic hydrocarbons (PAH) e.g., 

benzo[a]pyrene 
 Detergents, e.g., EDTA 
 Plasticizer e.g., PVC 
 Monocyclic aromatic hydrocarbons (MAH) e.g., 

BTEX 
 Volatile organic compounds (VOC), e.g., hydrazine, 

vinyl chloride (VOX) 

 Inorganic compounds 

 Metal ions (e.g., lead, mercury)  
 Nitrate / nitrite 
 Ammonium 
 Cyanide POPs 

演示者
演示文稿备注
EDTA: ethylenediaminetetra aceticPCBs: polychlorinated biphenyl. once widely used as cooling fluids, carbonless copy paperPBDE Polybrominated diphenyl ethersVinyl chloride used to make PVC by products are POPs



 Leachate interception  
 Treatment and/or disposal to sewer 

 

 Artificial water recharge  
 Dilution of groundwater 

 Installing/upgrading the cover 
and/or cap 

 

 Quality monitoring 
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Remedies/Solutions 

http://www.unep.or.jp/Ietc/ESTdir/Pub/MSW/SP/SP6/SP6_4.asp 
 



Analytical Methods 

 
 Organic compounds 

 
 Inorganic compounds 

 
 
 

16 
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Possible contaminants 

 Organic compounds 

 Pharmaceuticals e.g., sulfamethoxazole, 
ibuprofen 

 Pesticides e.g., atrazine 
 Detergents, e.g., EDTA 
 PCBs 
 Flame retardants e.g., PBDEs 
 Polycyclic aromatic hydrocarbons (PAH) e.g., 

benzo[a]pyrene 
 Plasticizer e.g., PVC 
 Monocyclic aromatic hydrocarbons (MAH) e.g., 

BTEX 
 Volatile organic compounds (VOC), e.g., hydrazine, 

vinyl chloride (VOX) 

 Inorganic compounds 

 Metal ions (e.g., lead, mercury)  
 Nitrate / nitrite 
 Ammonium 
 Cyanide POPs 

演示者
演示文稿备注
EDTA: ethylenediaminetetra aceticPCBs: polychlorinated biphenyl. once widely used as cooling fluids, carbonless copy paperPBDE Polybrominated diphenyl ethersVinyl chloride used to make PVC by products are POPs



 Advantages 
 
 High accuracy 
 Low LOD 
 Routine target analysis possible 
 Non-target analysis possible 
 Simultaneous analysis of multiple compounds 

 Disadvantages 
 
 High cost of instrument 
 Time consuming 
 Skilled personnel 
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LC - MS / MS 



HPLC-MS/MS:LOD for CECs (including pharmaceuticals, 
pesticides) 

High Sensitivity HPLC Analysis of Contaminants of Emerging Concern (CECs) in Water Using the Agilent 6460 Triple Quadrupole LC/MS System  
Tarun Anumol, Sylvain Merel, and Shane Snyder, Department of Chemical and Environmental Engineering ,BIO5 Institute University of Arizona Tucson, AZ, USA  
 

19 
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Possible contaminants 

 Organic compounds 

 Pharmaceuticals e.g., sulfamethoxazole, ibuprofen 
 Pesticides e.g., atrazine 
 Detergents, e.g., EDTA 
 PCBs 
 Flame retardants e.g., PBDEs 
 Polycyclic aromatic hydrocarbons (PAH) e.g., 

benzo[a]pyrene 
 Plasticizer e.g., PVC 
 Monocyclic aromatic hydrocarbons (MAH) e.g., 

BTEX 
 Volatile organic compounds (VOC), e.g., 

hydrazine, vinyl chloride (VOX) 

 Inorganic compounds 

 Metal ions (e.g., lead, mercury)  
 Nitrate / nitrite 
 Ammonium 
 Cyanide POPs 

演示者
演示文稿备注
EDTA: ethylenediaminetetra aceticPCBs: polychlorinated biphenyl. once widely used as cooling fluids, carbonless copy paperPBDE Polybrominated diphenyl ethersVinyl chloride used to make PVC by products are POPs



 Advantages 
 
 High accuracy 
 Low LOD 
 Easy analysis of volatile and thermally stable 

compounds 
 Routine target analysis possible 
 Non-target analysis possible 
 Simultaneous analysis of multiple compounds 

 Disadvantages 
 
 Derivatization 
 Time consuming 
 High cost of instrument 
 Skilled personnel 

GC-MS 
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演示者
演示文稿备注
We would like to use LC MS MS for the analysis. Since the principle of LC MS MS has been introduced last week, I do not want to go into details.HPLC vs LC



GC-MS: LOD for PAHs and PBDEs 

Analyzing Wastewater Effluents for PAHs and PBDEs Using the Agilent 7000 Triple Quadrupole GC/MS 
Dr. Mike Pinchin and Dr. Surinder Verik, Anglian Water Services, Huntingdon, England, Ken Brady, Agilent Technologies, Inc., Cheadle, UK 

22 



Analytical Methods 

 
 Organic compounds 

 
 Inorganic compounds 
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演示者
演示文稿备注
Thank you. I will discuss some analytical methods for inorganic contaminants. And then I will present our monitoring program for this case study.
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Possible contaminants 

 Organic compounds 

 Pharmaceuticals e.g., sulfamethoxazole, ibuprofen 
 Pesticides e.g., atrazine 
 PCBs 
 Flame retardants e.g., PBDEs 
 Polycyclic aromatic hydrocarbons (PAH) e.g., 

benzo[a]pyrene 
 Detergents, e.g., EDTA 
 Plasticizer e.g., PVC 
 Monocyclic aromatic hydrocarbons (MAH) e.g., 

BTEX 
 Volatile organic compounds (VOC), e.g., hydrazine, 

vinyl chloride (VOX) 

 Inorganic compounds 

 Metal ions (e.g., lead, mercury)  
 Nitrate / nitrite 
 Ammonium 
 Cyanide POPs 

演示者
演示文稿备注
EDTA: ethylenediaminetetra aceticPCBs: polychlorinated biphenyl. once widely used as cooling fluids, carbonless copy paperPBDE Polybrominated diphenyl ethersVinyl chloride used to make PVC by products are POPs



EDTA titration method--Mg2+ and Ca2+ determination 

Advantages: simple, rapid and low cost, complicated instrument is avoid  
 
Disadvantages: unable to distinguish the Ca2+ and Mg2+ 

The Erio chrome Black T(ErioT) is used as indicator.  
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演示者
演示文稿备注
The hardness of drinking water is a very important parameter. EDTA titration method that is one of the lab courses for undergraduate is a very old method for the determination of magnesium and calcium ions. EDTA is used as a chelating agent and chrome black is uses as indicator. This method is simple, rapid and low cost. No complicated instrument is involved. However, it can just measure the total amount of magnesium and calcium ions.



Colorimetric method—Al3+ determination 

Shan Chen et al., Analyst, 2012, 137, 2021–2023.  

Advantages: 
 Rapid 
 Simple 
 Low cost 

Disadvantages: 
 Low selectivity 
 Unsuitable for multi-element 

analysis 
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演示者
演示文稿备注
There is another colorimetric method for the determination of alumium ions in the water. They synthesize citrate capped Au NPs which is red. After the addition of Alumium ions, the Au NPs will aggregate due to the complexation, and the color change to blue. The LOD of this method is 1 uM. The advantage of this method is similar to the first one, which is rapid simple and low cost.However, the selectivity is low and it is unable for the multielement analysis.
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Atomic absorption spectroscopy (AAS) 

 Atoms in the ground state absorb the characteristic wavelength when light is passed 
through the atoms in the vapour state.  

Electro thermal AAS (graphite furnace)  Flame AAS  

 Less interference 
from co-existing 
elements 

 Less analysis time 

 Higher sensitivity 
 Lower detection 

limits 
 Smaller sample 

volume 

演示者
演示文稿备注
Atomic absorption spectrometry (AAS) is also used for the determination of metals. It is based on the phenomenon that the atom in the ground state absorbs the light of�wavelengths that are characteristic to each element when light is passed through the�atoms in the vapour state. The Beer-Lambert law describes the relationship between concentration and absorbance. According to different �nebulizer, it can be divided into the flame AAS and electrothermal AAS. In flame AAS, a sample is aspirated into a flme�and atomized. In electro thermal AAS, as you can see that, an electrically heated atomizer or graphite furnace replaces the�standard burner head for determination of metals. Flame AAS is much more sensitive than other methods and free�from spectral or radiation interference by co-existing elements. In comparison with FAAS, EAAS�gives higher sensitivities and lower detection limits, and a smaller sample volume is�required. EAAS suffers from more interference through light scattering by co-existing�elements and requires a longer analysis time than FAAS.���������



AAS 

Advantages Disadvantages 

Sensitive Not suitable for simultaneous 
analysis of multi-elements 

Free from spectral or radiation 
interference 

Not suitable for unknown 
sample 

No pretreatment of sample 
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演示者
演示文稿备注
Generally, AAS is sensitive, it is free from spectral or radiation interference, there is no pretreatment of sample needed. However, it is not suitable for simultaneous analysis of many elements, because the light source is different for each target element.And it is not suitable for unknown sample.��
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Atomic Emission Spectroscopy (AES) 
The atoms in the sample emit light with characteristic wavelength during exposure 
to the heating source. 
 Flame emission spectroscopy 
 Spark and arc atomic emission spectroscopy 
 Inductively coupled plasma atomic emission spectroscopy 

(ICP-AES) 
 

演示者
演示文稿备注
Atomic emission spectroscopy is just the opposite detection method for metal ions. The atoms in the sample emit light with characteristic wavelength during exposure to the heating source. According to different heating source, it includes flame, spark, arc and inductively coupled plasma AES. Today we are focusing on ICP-AES. When water sample is introduced,it will be atomized. When the atoms exposed to the plasma, it will emit characteristic wavelength according to different metal ions.
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ICP-AES 

 Tran T. Nham . Analysis of potable water for trace elements by ICP-AES 

演示者
演示文稿备注
This is the detection limit o ICP AES toward different metal ions. We can see that Alumium emits three wavelengths of light. The disadvantage of using the Al 308.215 nm line is the�structural background which is due to OH band�emission. A narrower peak search window is required to�exclude the OH peak for low level determination. This�line is not recommended for any determinations too close to the detection limit. It is noted that the presence of Ca does not cause any�spectral interferences on the Al 396 line. This is due to�the superior resolution and low stray light of the Liberty�system which has eliminated the wing broadening effect�of Ca on Al. So they use 396 nm as the analytical line for alumium. Most trace elements in fresh water are�present in low concentrations which approach the�detection limit of the instrument. It is not good practice�to carry out routine analysis close to the detection limit�where accurate results are not possible. To avoid this,�sample pre-treatment – a ten-fold pre-concentration by�evaporation, was applied.�����
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Result of the analysis of water that is 10 fold pre-concentrated. 

演示者
演示文稿备注
This is the detection result of the analysis of water that is 10 fold pre-concentrated.



Advantages Disadvantages 
Large linear dynamic range Cost and operating expense  

Low detection limit Pre-concentration is needed 

Low chemical interference Spectral interferences (many 
emission lines) 
 

High precision and accuracy 
Rapid multi-element analysis 

ICP-AES 

32 
 

演示者
演示文稿备注
The advantages of ICP-AES is its large linear dynamic range, low detection�limits, low chemical interference, high precision and accuracy, which offers�automation, rapid multi-element analysis for the�determination of metal ions in�water samples. The disadvantages are the high cost of instrument and operating expense. As mentioned before, preconcentration is needed. Due to many emission lines, the spectral interferences may happen��



ICP-MS 

ICP-MS is a relatively new method for determining multi-element analysis and ideal for 
water, since the vast majority of target compounds can be detected below 0.1 mg/L. 
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演示者
演示文稿备注
The ICP MS is a relatively new method for determining multi-element analysis and ideal for water, since the vast majority of target compounds can be detected below 0.1 mg/L. The principle of ICP MS is similar with ICP AES. The detector is changed into MS.



ICP torch 
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演示者
演示文稿备注
The picture shows how ICP torch works.As power is supplied to the load coil from the radio frequency generator, oscillating electric and magnetic fields are established at the end of the torch. When a spark is applied to the argon flowing through the ICP torch, electrons are stripped off of the argon atoms, forming argon ions. These ions are caught in the oscillating fields and collide with other argon atoms, forming plasma. Once the sample aerosol is introduced into the ICP torch, it is completely desolvated and the elements in the aerosol are converted first into gaseous atoms and then ionized towards the end of the plasma.



Ruth E. Wolf. USGS/CR/CICT  35 
 

演示者
演示文稿备注
This is the detection limit of ICP MS for different elements. We can see that for most metal ions, the LOD goes down to the PPT level or even lower. For alkalias, Hg, Iron and copper. The LOD is 1 to 100 ppt. For some non metallic element, the LOD is around 1 ppb. Therefore, for chlorine an fluorine, they are difficult to  determine via ICP MS.



Advantages Disadvantages 
Higher throughput Cost and operating expense  

Low detection limit (equal or 
better than AAS) 

Dissolved solids content must 
be low 0.2% for routine 
operation 

Minimum of matrix 
interferences.  

Isobaric interferences 

The ability to obtain isotopic 
information  

Polyatomic interference 

Multi-element analysis 

ICP-MS 
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演示者
演示文稿备注
The advantages of ICP MS is as follows:�• Higher throughput than GFAASIt has equal or lower detection limit than AAS�• The ability to handle complex matrices with a minimum of matrix interferences due to the high-temperature of the ICP source�• The ability to obtain isotopic informationThe disadvantages are that the cost is high. Dissolved solids content must be low 0.2% for routine operationIsobaric interferences are caused by isotopes of different metals that have the same mass\charge ratio. Polyatomic interferences are caused by ions recombination hich occurs in the interface region.��
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Comparison between different methods 

AAS ICP-AES ICP-MS EDTA titration/ 
Colorimetric 
method 

Detection 
limit 

✔ 
 

✔ 
 

✔ 
 

✖ 
 
 

Multi-element 
analysis 
 

✖ ✔ 
 

✔ 
 

 
 

No need of 
pre-
concentration 

✖ 
 

✔ 
 

演示者
演示文稿备注
We have introduced a variety of methods for the determination of metal ions. Then here comes the question which one we should take. According to the LOD, titration and colorimetric method are not good enough. AAS can not do the multi element analysis. Since reconcentration is not necessary for ICP MS, we choose ICP MS to analyzed metal ions in the ground water.
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Possible contaminants 

 Organic compounds 

 Pharmaceuticals e.g., sulfamethoxazole, ibuprofen 
 Pesticides e.g., atrazine 
 PCBs 
 Flame retardants e.g., PBDEs 
 Polycyclic aromatic hydrocarbons (PAH) e.g., 

benzo[a]pyrene 
 Detergents, e.g., EDTA 
 Plasticizer e.g., PVC 
 Monocyclic aromatic hydrocarbons (MAH) e.g., 

BTEX 
 Volatile organic compounds (VOC), e.g., hydrazine, 

vinyl chloride (VOX) 

 Inorganic compounds 

 Metal ions (e.g., lead, mercury)  
 Nitrate / nitrite 
 Ammonium 
 Cyanide POPs 

演示者
演示文稿备注
EDTA: ethylenediaminetetra aceticPCBs: polychlorinated biphenyl. once widely used as cooling fluids, carbonless copy paperPBDE Polybrominated diphenyl ethersVinyl chloride used to make PVC by products are POPs



Photometry--Ammonium 

Berthelot method: reaction between phenol/phenolic derivatives and ammonia.  
 
 
Ammonia + Hypochlorite            Monochloroamine + Phenolic compound                   Indophenols 

pH 10  
Nitropruside 

pH 12-13  

Advantages: 
 Rapid 
 Simple 
 Complicated equipment 

is avoid 
 Online analysis 

Disadvantages: 
 Unsuitable for multi-element 

analysis 
 High detection limit 

Aminot A, et al. Marine Chemistry 1997; 56: 59-75. 
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演示者
演示文稿备注
since ammonia concentrationeasily changed with time during the storage of the samples, fresh samples shouldbe analyzed immediately after collection. Photometry is used for the analysis of Ammonium. commercially available test kit for ammoniumIs based on the reaction of phenol derivatives and ammonia.The reactions are as follows. The advantages are its simplicity and available for online analysis. But it is unable for multi element analysis. The LOD is 1 mg/L.



 Relies on different mobilities 
of two distinct substances 
subjected to an electrical 
field (charge & size) 
 

 Several different types: 
 Capillary zone electrophoresis 

(CZE), micellar electrokinetic 
chromatography (MEKC), 
capillary electrochromatography 
(CEC) etc. 

 
 
 

Capillary Electrophoresis （CE） 

40 Glynn J R et al. Appl. Environ. Microbiol. 1998;64:2572-2577 
 

演示者
演示文稿备注
Capillary electrophoresis is relies on different mobilities of two distinct substances with different charge or size subjected to an electrical field.The higher the charge and the smaller the size, the faster the velocity.MEKCZ: neutral and ionic analytes. Addition of a surfactant to generate micellesCZE: simplest form relies on mobility of analytes based on its chargeCEC: for small molecules. Capillary packed with stationary phaseThe basic instrumental set-up, which is illustrated in Figure 1,consists of a high voltage power supply (0 to 30 kV), a fusedsilica (SiO2) capillary, two buffer reservoirs, two electrodes,and an on-column detector. Sample injection is accomplishedby temporarily replacing one of the buffer reservoirs with a sample vial. A specific amount of sample is introduced by controlling either the injection voltage or the injection pressure.Detector: (UV-Vis (most popular), Fluorescence, conductivity, amperometry, MS) 



 High resolution (high efficiency) 
 Speed 
 Ease of use 
 Automation 
 Low cost 
 Wide range of compounds (small to macromolecules) 

 

HPLC 

CE 

http://www.springerimages.com/Images/Chemistry/1-10.1007_s00216-008-2062-4-3 

Advantages of CE 
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演示者
演示文稿备注
Because CE has different flow modal from HPLC. As shown in the right side, there will be less spectra broaden in CE. Therefore, it will have higher resolution. The LOD of CE for some ions are shown below. It is easy to use and automation available. The instrument is not that expensive. The analytes range from various compounds.
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Ion chromatography （IC） 

Advantages: 
 High sensitivity 
 Higher matrix tolerance 
 Ability of multi-ions analysis 

simultaneously 

Disadvantages: 
 Constant evolution 
 Linear range of certain 

ion is limited 

It can separate ion and polar molecules based on their affinity to the ion exchanger. 

http://www.slideshare.net/Chrom_Solutions/analysis-of-disinfection-byproducts-by-ion-chromatography 

Target ions LOD ( mg/L) 

F-/ Cl- 0.008 / 0.6 

Nitrate (NO3
-) 0.28  

SO4
2- 1.1 

Bromide and Bromate 1.0 / 0.1 ug/L 

Chloride and Chlorate 0.006 / 0.003  

演示者
演示文稿备注
Ion chromatography is another method which is also used for the analysis of negative ions. It can separate ion and polar molecules based on their affinity to the ion exchanger. In the configuration of IC, the most important part is the ion exchange column. Molecules undergo electrostatic interactions with opposite charges on the stationary phase matrix.The advantage of IC is the high sensitivity and low detection limit. As we can see the LOD of different ions in the table, for nitrate, the LOD of IC is 0.28 mg/L, which is much lower than CE. It has higher matrix tolerance and ability of multi ions analysis.The disadvantage is the constant evolution  which leads to the inconsistency from column to column.Due to the lower LOD, we choose Ion chromatography for the analysis of negative ions.
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 Analytical Methods 
 Organic compounds 
 Inorganic compounds 

 
 Groundwater monitoring program 



Groundwater sample analysis 

 Daily for drinking water （online test: pH, turbidity, temperature） 
 

 Monthly for groundwater 
 

 Additional monitoring done 
 For climate reasons (ex. heavy rain, flooding) 
 If online monitoring give alarming values 
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演示者
演示文稿备注
Because the quality of drinking water is quite important, we intend to online test the drinking water everyday, But it is impractical. Cause the analysis is quite time consuming. On the other hand, we can monitor the physical parameters online, for example odor, pH and color. Because they are the basic signs for the contamination of ground water. Normally, we would analyze the water quality monthly. If there are some changes in the weather, after heavy rains for example or if online monitoring give alarming values, we can monitor additionally.



Sampling and analytical strategy 

 Take 1 L water from 50 
sites monthly 

 separation of water and 
sediment 

Container: polyethylene for 
inorganic compounds and amber 
glass for organic compounds. 

 Sample is 
stabilized with 
ultrapure 0.5% 
HNO3 

 10 mg/mL multi-
standards in 5% 
HNO3 

ICP-MS 

Dilution 
Ion chromatography 

LC-MS/MS 
GC-MS 

 Solid phase 
extraction 
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演示者
演示文稿备注
These are our sampling and analytical strategy.First, take 1L water from sample sites monthly. And then separate water and sediment.Polyethylene is used as container to avoid contamination introduced by container. Before use, it is washed in 10% nitric acid in an ultrasonic bath for 15 minsrinsed with ultrapure water kept in sealed polyethylene bags until collection.  Second, Sample is stabilized with ultrapure 0.5% HNO310 mg/mL multi-standards in 5% HNO3  and then do the ICP MS analysis.For IC measurement, it just need dilution of different times.For LC MS MS and GC MS measurement, it needs to be extracted.There are Solid phase extraction, solid phase microextraction and liquid liquid extraction available. We use SPE.Cartridges: conditioned with MeOH and water.300 mL of water samples (pH ∼ 4.0) is loaded. cartridges are dried and eluted with MeOH. The eluates are concentrated.These are all the measurements for monitoring ground water quality.



THANK YOU! 

Questions? 



 Fremd- und Inhaltsstoffverordnung (FIV), https://www.admin.ch/opc/de/classified- 
compilation/19950193/201510010000/817.021.23.pdf.  

 Kantonales Labor Zurich (KLZH):Anforderungen an die Trinkwasserqualität (Toleranz- Grenz- und 
Erfahrungswerte). 
http://www.kl.zh.ch/internet/gesundheitsdirektion/klz/de/wasser/trinkwasser/chemische_qualita 
et/_jcr_content/contentPar/downloadlist/downloaditems/anforderungen_an_die.spooler.downlo 
ad.1464763765070.pdf/anforderungen_trinkwasserqualitaet.pdf.  

 SR 814.201 Gewässerschutzverordnung vom 28. Oktober 1998 (GSchV).  
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