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The status of the Stockholm Convention (2013)



1. Pesticides in rice and soil
2. VOCs in tapwater, tributhyl tin in fish 
3. VOCs and aldehydes in air

1. POP pesticides in river water
2. Bisphenol A, Alkylphenols in river water
3. Phthalates in river water

POP pesticides in river water and sediment 

POP pesticides in shrimp, fish, squid 

PCBs in shrimp
PBDEs in sediment 

Sixth Phase: 2012 – 2015 – 2018                          

“Monitoring and Management of Persistent Organic 

Pollutants in Asia”

PFCs in water, in fish 



First Phase: 2016 – 1999: Environmental Monitoring 

and Analysis in the East Asian Region



2nd Phase- 5th Phase: 2016 – 1999: Environmental 

Monitoring and Governance in Coastal Hydrosphere



6th Phase: 2016 – 2018: Monitoring and Management 

of Persistent Organic Pollutants in Asia



The initial 12 POPs



2001

Stockhom Convention-Vietnam

Data source: 

Sinh et al., 1999. In UNEPRegional Workshop on Management of POPs, March 1999, Hanoi, Vietnam, 

MONRE 2006 

The usage of POPs (OCPs and PCBs) in Vietnam



Comparison of p,p’-DDT concentrations in surface waters

from Asia-Pacific  countries
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sediments from Asia-Pacific countries
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PCBs concentration (ng/g dry wt)

230

PCBs

Comparison of total PCB concentrations in river and estuary

sediments from several countries
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(Minh et al., 2006)(Iwata et al. 1994) (Phuong et al. 1998)

n = 6n = 4 n = 11

Estimated half-

life time:

PCBs: ~ 8 years

DDTs: ~ 5 years

Trend of Contamination  of  PCBs and DDTs in sediment 

samples collected at Hochiminh city canals
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Magnitude of contamination of persistent organochlorines

in mussels from Vietnam and in southeast Asian region

Data from Monirith et al., 2000; Minh et al., 2002

Asia-Pacific Mussels Watch Program
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Monirith et al., 2003

Magnitude of contamination of PCBs in mussels from 

Vietnam and in Asia-Pacific region
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Magnitude of contamination of persistent organochlorines

in resident birds from Vietnam and in Asia-Pacific region

Data from Tanabe et al., 1998; Kunisue et al., 2002; Minh et al., 2002



Case study: temporal trend of DDTs, PCBs in water, 

sediment  from Balat estuary - Red River, Vietnam



Level of DDTs in seawater of Ba Lat Estuary

Data from UNU Project (Viet P.H. et al. 2016)





Halogenated Persistent Organic Pollutants
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Temporal trends of new POPs vs classic POPs
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• Annex A (prohibited)

– Pesticides: Lindane, alpha-HCH, beta-HCH, 
chlordecone, endosulfan

– Industrial chemicals: hexabromobiphenyl, 
pentachlorobenzene, pentaBDE, octaBDE

• Annex B (Restricted)

– Industrial chemicals: PFOS, its salts, and PFOS-F

• Annex C (Unitentional production)

– By products: Pentachlorobenzene

12 + 11 = 23 POPs

New listing of POPs – 2009



Brm

o
Brn

Polybrominated diphenyl
ethers (PBDEs)

Brominated Flame Retardants (BFRs)

Emerging POPs

Anti-inflammatory additives in polymers



Study Locations

CHINA

TM: Trang Minh (Hai Phong)

BD: Bui Dau (Hung Yen)

LAOS

UB: Hanoi

Reference

E-waste Recycling Sites 

(EWRSs)



Contamination by BFRs, HBCDs in House Dust
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E-waste recycling is a significant source of BFRs

PBDEs are the most abundant contaminant in house dust
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Assessment of Human Exposure Pathways of BFRs 

Inhalation

Air (PUF 

samplers)

House Dust



PBDE congeners
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High exposure to PBDEs from dust for e-waste recyclers in Bui Dau



Global Comparison of PBDEs in Human Milk

Italy 

Reported data

Present study

Japan 

Indonesia

Vietna
m

Russia 

China 

India

Philippine
s

PBDEs
10 ng/g lipid

USA

Data cited from Bi et al. (2007), Eslami et al. (2006), Gómara et al. (2007), Ingelido et al. (2007),
Malarvannian et al. (2009), Polder et al. (2008), Sudaryanto et al. (2005), She et al. (2007)

Spain

Norway

96

Chinese EWRS

PBDE levels in e-waste 
recyclers were among the 

highest reported
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Bui Dau recyclers

Others
Hazard Quotient (HQ):

Reference Doses (RfD):

HQ =
Daily intake

RfD

in µg/kg bw/day

BDE-47 0.1

BDE-99 0.1

BDE-153 0.2

HBCDs 0.2

(EPA 2008; ATSDR 2007)

Calculated for a 5-kg infant consuming 700 g milk/day

(Van Oostdam et al. 1999)

Infant Health Risk from Breastfeeding

High PBDE levels in breast milk of women involved in e-waste recycling 

may pose health risk to their infants



Perfluorochemicals  (PFCs)

 Perfluorochemicals (PFCs) are a group of 

chemicals used to make fluoropolymer coatings 

and products that resist  heat, oil,  stains, grease, 

and water.

 PCFs are extremely heat stable and are resistant 
to breakdown in the environment 

 PFCs have been found in rivers and lakes and in 

many types of animals on land and in the water. 



use of PFOS and its related substances 

in industrial sectors

fire fighting foams, 

aviation hydraulic fluids 

and insecticides 

articles and products containing PFOS 

and its related substances on the 

consumer market 



1. Sampling site in Hanoi drainage system

Hanoi city center

Total Area: 3,344 km2

Urban area: 186 km2

Population:  more 7 million.

Hanoi  drainage system  in the 

urban including 

rivers: Nhue, To lich, Lu, Set, 

Kim Nguu

70 km length

Municipal waste 

water, rain water, … 

Sampling:

Twenty  locations

2013 (rainy season) 

2014 (dry season)

Data from UNU Project



Profiles of PFCs in municipal wastewater from 

drainage system in Hanoi



2013 2014              2015               2015

Profiles of PFCs in municipal wastewater from drainage 

system in Hanoi



: Dry season

: Rainy season

: 5 ng/L)

HN1-13: Nhue river

HN14-19: To Lich

HN20-27: Set, Lu, Kim 

Nguu river

HN28-30: Yen So lake

HN31-34: West lake

Sampling in 2015

(n = 34)

PFCs concentration in municipal wastewater from drainage system in Hanoi



2. Sampling around unused dumping site 

Tay Mo Dumping site in Hanoi:       2015, dry season (January)

2015, wet season (August)

 Tay Mo dumping site  is in the 

surrounding area of Hanoi city 

center

 All domestic waste of Hanoi 

was moved to Tay Mo 

dumgping site that had been 

used since  7/1997

 9/1999: dumping site was 

closed because it was full 

 1 waste treatment plan belong 

to URENCO is working to treat 

urban compost

Data from UNU Project



PFCs concentration in unused dumping site in Hanoi

328
423

108
104

103

Dry season             Rainy season

(    : 10 ng/L)

TM 01-02: river

TM03-07: surrounding ponds

TM 08: Leachate 

Sampling  in 2015 (n = 8) 



Profiles of PFCs in unused dumping site in Hanoi

2015 2015

Dry season Rainy season

(n=8) (n=8)

PFAs: 68.32 (3.03-267.24) 56.47 (3.75-347.52)

PFSs: 19.96 (0.26-67.89) 18.58 (0.69-105.56)

Sum PFCs: 86.95 ng/L 75.05 ng/L



3. Sampling in Textile and dyeing village, Bac Ninh province

- Bac Ninh is 30km far from Hanoi. Hoi Quan is a village in   

Bac Ninh with population of 4,300 (~1.200 household )

- 60% of households are worked as textile and dyeing area. 

There are more 900 traditional looms and 200 sewing 

industrial machines .

- Village ‘s product is very diversified  material including silk,  

wound for medicine , curtain material, wash cloth….

 15 sampling points 

surrounding textile 

and dyeing village –

Hoiquan, Bac Ninh

 2015, dry season 

(January)

 2015, wet season 

(August)

Data from UNU Project



PFCs contaminated level in water from Textile and dyeing 

village in Hoi Quan, Bac Ninh



Profiles of PFCs in textile and dyeing village in Bac Ninh

2015 2015
dry season Rainy season

(n=15) (n=15)
PFAs: 46.33 (6.15-391.36) 9.93 (1.55-19.35)
PFSs: 2.30 (nd-15.04) 2.17 (0.76-6.09)
Sum PFCs: 48.63 ng/L 12.10 ng/L



Average concentration of PFCs in water from various sites
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PFOS and PFOA in sediment
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PFCs contaminated level in water

1/Municipal wastewater from drainage system in Hanoi

 PFCs concentration was similar in 4 sampling campaigns including rainy and dry 

seasons (from 2013 to 2015) and approximately 7÷8 ng/L in water.

 PFCs contamination sources in drainage system of Hanoi was unmodified.

2/Dumping site in Hanoi

 Tay Mo dumping site had not been used for 15 years. The concentration of PFCs 

in around surface water was 87 ng/L in dry season and 75 ng/L in rainy season. 

 The highest PFCs was 423 ng/L and 328 ng/L in rainy and dry seasons, 

respectively that is in the leachate of dumping site.

 PFOA and PFOS were dominated compounds in  13 PFCs analysed. This means 

that the PFCs contamination sources is similar of municipal wastewater from 

drainage system in Hanoi.

3/Textile and dyeing village (Bac Ninh province)

 PFCs concentration of waste water from textile and dyeing village was four times 

higher in dry season  (49 ng/L) than rainy season (12ng/L). 

 The contamination source of PFCs in the trade village was difference two 

sampling locations because the PFC dominated compounds were  PFHxA, PFDS 

and PFBS.



Analytical methods of POPs

Sample preparation

 Liquid – liquid extraction

 Ultrasonic extraction, Soxhlet extraction, Pressurized Liquid Extraction/ 

Accelerated Solvent Extraction (PLE or ASE)…

 Solid phase extraction (SPE)…

Qualitative and Quantitative Analysis

 Gas chromatography: GC/ECD, GC/TQMS, GC/TOFMS, HRGCMS

 Liquid chromatography: LCMSMS

 Internal standards, Surrogate, Blank 

correction, Recovery performance …

 Spiked samples, Certificate materials

 Internal-lab blind samples, Inter-

laboratory crosscheck  program

Quality assurance 







The 3rd inter-laboratory crosscheck program 
on analysing PCB in oils

for registered laboratories within the POP 
Analysis Laboratory Network 

Hanoi, 8 /2013

Project “Vietnam PCB Management”



General information 

1. Participants : 

 24 laboratories in the network registered (22 laboratories sent the results) 

 2 international laboratories:

+ Bachema laboratories, Switzerland (assigned laboratory) 

+ EMPA laboratories, Switzerland

2. Set of samples and standards (prepared by the organization committee):

 5 blind oil samples  (PCB concentrations from ten ppm to thousands ppm)

 Standard 6-congener PCB indicator mixture (PCB 28, 52, 101, 138, 153 and 

180), concentrations: 10 ng/l.

 Standard 6-congener PCB indicator isotope mixture (PCB13C: 28, 52, 101, 

138, 153 và 180), concentrations: 1 ng/l.

 Perylen d12 concentrations: 10 ng/l



Z score
Proficiency of laboratories is evaluated based on Z-score index (ISO 13258 : 2005, 

“Statistical methods for use in proficiency testing by inter-laboratory comparisons”):

Z-score = (x – xa)/p

In which:

x        analyzing result provided by participated laboratories 

xa          assigned value (provided by “expert” lab)

p fitness-for-purpose-based “standard deviation for  proficiency assessment” 

Data Analysis Method

Z 2.0 satisfied results

2.0 < Z < 3.0 questionable results, requiring another test

Z ≥ 3.0 un satisfied results, requiring actions

Evaluation



Summary of PCBs analysis procedure in oil samples 

provided by laboratories

1. Sample preparation: 
- Dilution by solvent (nHexane, Cyclohexane, isooctane)

- Acid Washing 

- Cleanup by SPE: Florisil (18), Silicagel (4),SAX/SCX (1), 

Multi-layer silicagel, alumina column (1) 

2.  Analysis:
- Detector: ECD (10), MS (13), HRMS (1)

- Separation column DB5 and equivalence: 30m (20), 60m (2)

- Internal Standards:                  NO (7), YES (16)

- Surrogates:                              NO (8), YES (15)

- Blank correction:                      NO (12), YES (11)

- Recovery performance:           NO (11), YES (12)

- Total calculated PCBs:             6 congeners (22), Aroclor (2)

- SOP: EPA 8082 (2), EPA 6013 (1) and in-lab methods



Assessment of the laboratories’ proficiency: 

oil – 01 (xa = 41.200 mg/kg)
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Lab Nr.

Oil - 01

Oil 1 Tổng PCB Z-score (Bachema)

mg/kg 12% uncertainty

A 40.692 -0,3

B 44.780 0,5

C 47.071 1,0

D 43.745 0,3

E 45.194 0,6

F 74.542 6,4

G 45.699 0,7

H 47.997 1,2

I1 48.304 1,2

I2 29.788 -2,4

J 39.987 -0,4

K 38.649 -0,7

M 35.277 -1,4

N 38.437 -0,7

O 73.282 6,2

P 61.579 3,9

R 55.789 2,7

S 45.000 0,6

T 39.562 -0,5

U 32.082 -2,0

V 43.647 0,3

W 46.123 0,8

Y 42.100 0,0

Z 40.631 -0,3

Q 15.874 -5,2

Assigned value 42100

Lower value 37048

Upper value 47152

Uncertainty 12%
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Assessment of the laboratories’ proficiency: 

oil – 03 (xa = 1.170 mg/kg)
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Lab Nr.

Oil - 03

Oil 3 Tổng PCB Z-score (Bachema)

mg/kg 12% uncertainty

A 1.035 -1,0

B 1.483 2,2

C 1.524 2,5

D 1.296 0,9

E 1.101 -0,5

F 1.222 0,4

G 1.420 1,8

H 1.256 0,6

I1 1.716 3,9

I2 998 -1,2

J 1.574 2,9

K 995 -1,2

M 1.533 2,6

N 930 -1,7

O 246 -6,6

P 1.612 3,1

R 929 -1,7

S 820 -2,5

T 1.095 -0,5

U 1.368 1,4

V 1.848 4,8

W 1.746 4,1

Y 1.170 0,0

Z 1.265 0,7

Q 11.713 75,0

Assigned value 1.170

Lower value 1030

Upper value 1310

Uncertainty 12%
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Assessment of the laboratories’ proficiency: 

oil – 02 (xa = 91,0 mg/kg)
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Lab Nr.

Oil - 02
229 
mg/kg

635 
mg/kg

Oil 2 Tổng PCB Z-score (Bachema)

mg/kg 18% uncertainty

A 152 3,7

B 141,7 3,1

C 124 2,0

D 129 2,3

E 150,11 3,6

F 144 3,3

G 141,2 3,1

H 114,9 1,5

I1 151,29 3,7

I2 94,65 0,2

J 116,61 1,6

K 99,26 0,5

M 143,315 3,2

N 243,700 9,3

O 29,85 -3,7

P 125 2,1

R 160,812 4,3

S 88,2 -0,2

T 126,2 2,1

U 635 33,2

V 131 2,5

W 120,88 1,8

Y 87,5 -0,2

Z 125 2,1

Q 1.280,18 72,6

Assigned value 91,0

Lower value 74,6

Upper value 107,4

Uncertainty 18%
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Assessment of the laboratories’ proficiency: 

oil – 04 (xa = 11,8 mg/kg)
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Lab Nr.

Oil - 04
94 mg/kg

230 mg/kg

28,9
67,5

77,2

Oil 4 Tổng PCB Z-score (Bachema)

mg/kg 24% uncertainty

A 9,5 -0,8

B 10,4 -0,5

C 12,6 0,3

D 25,0 4,7

E 12,6 0,3

F 10,4 -0,5

G 12,3 0,2

H 11,6 -0,1

I1 18,0 2,2

I2 10,8 -0,4

J 2,3 -3,4

K 5,3 -2,3

M 17,3 1,9

N 230,4 77,2

O 2,0 -3,5

P 18,6 2,4

R 93,6 28,9

S 8,5 -1,2

T 10,4 -0,5

U 203,0 67,5

V 18,9 2,5

W 31,0 6,8

Y 11,8 0,0

Z 12,4 0,2

Q 68,0 18,0

Assigned value 11,8

Lower value 9,0

Upper value 14,6

Uncertainty 24%
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g

)



Sample size
Laboratory ratios (%)

IZI ≤ 2 2 < IZI < 3 IZI ≥ 3

Oil 1 - ten thousands ppm 76% 8% 16%

Oil 3 - thousands ppm 60% 20% 20%

Oil 2 & 5 - hundreds ppm 36% 18% 46%

Oil 4 - tens ppm 42% 16% 32%

Lab 6 cong.

• No difference between results achieved by determination of total PCB using 6-
congener method or using Aroclor mixture among “good labs”

Summary on percentage of laboratories graded according 

to Z-score and concentration of PCBs 



Repeatability

Repeatability is evaluated based on the relative standard deviation (RSD) values of Oil-

02 and Oil-05 analysis results provided by laboratories. These RSDlab values are 

compared with the acceptable maximized relative standard deviation RSDAOAC at the 

concentration of 100 mg/kg (mass fraction = 0.00010) according to the reference 

documents AOAC [http://www.aoac.org/Official_Methods/slv_guidelines.pdf]

RSDAOAC = 0.00010-0.15 = 4

The repeatability of laboratories is satisfied if RSDlab/ RSDAOAC < 2

Assessment of the repeatability of analysis results in 

Oil-02 and Oil-05

http://www.aoac.org/Official_Methods/slv_guidelines.pdf
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Determining of Dates for sediment core

210 Pb 210 Bi            210 Po            206 Pb
22 năm 5 ngày 138 ngày (đồng vị bền)

-,0.61MeV -,1.17MeV   ,5.3MeV

210 Pb 210 Bi            210 Po            206 Pb
22 năm 5 ngày 138 ngày (đồng vị bền)

-,0.61MeV -,1.17MeV   ,5.3MeV

22 years 5 days 138 days  (stable isotope)





CONSTANT RATE OF SUPPLY (CRS) MODEL FOR DETERMINING THE SEDIMENT 

ACCUMULATION RATES IN THE COASTAL AREA USING 210Pb

(1) 210PbUnsuported is supplied at constant rate,

(2) the initial of 210Pb concentration in sample is variable and

(3) the influx rate of sediment is variable

The age of deposit of depth z (year):

t= (1/) ln (Atot/Az)

In which:

 Atot is the total unsupported  210 Pb activity in sediment column (Bq.cm-2) 

 Az is the total unsupported  210 Pb activity in sediment beneath depth z 

(Bq.cm-2)

  decay constant of 210 Pb (0,03114 y-1)



Skin cancer
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Health effectsSource
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Human health effects by chronic arsenic exposure

WHO, 2004



Potential arsenic-exposed population
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Contamination by arsenic in groundwater from

the Red River Delta, Vietnam

Berg et al., 2001



Arsenic contamination in groundwater (1998 - 2008) 

As Fe NH4

Development of biosensor for As (2002) Arsenic removal technology (2004) 
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Modeling of As pollution Hypothesis for 
arsenic mobilization
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Van Geen et al., 2013  (Nature)



Chemical species database



Inter-laboratory crosscheck program on Arsenic analysis 



VNU Key Laboratory of “Analytical Technology for 

Environmental Quality and Food Safety Control”

Director:   Prof. Dr. Pham Hung Viet

Address:  T3 Building, 334 Nguyen Trai St, Thanh Xuan, Hanoi, Vietnam

Tel:            84.4.3858 7964           Fax:           84.4.3858 8152

Staff members: 23 full-time staffs & 8 part-time staffs (lecturers, researchers, 

technicians, administrative staffs) including 2 professors, 4 

associate  professors, 10 doctors, 8 masters



Journal of Analytical Science 

and Technology 

The Journal of Analytical Science and Technology (JAST) is a fully open access 

peer-reviewed scientific journal published under the brand 

SpringerOpen. JAST was launched by Korea Basic Science Institute in 2010.

JAST publishes original research and review articles on all aspects of analytical 

principles, techniques, methods, procedures, and equipment.

Editor-in-Chief: Chaejoon Cheong

ISSN: 2093-3371 (electronic version)

Journal no. 40543

Analytical Science and Technology



TI-COAST

In 2008 representatives from
leading Dutch industry laboratories
and academic analytical science
and technology groups at
universities recognized three major
concerns for future innovation and
economic growth in The
Netherlands:

In the following, critical, step a group of ~60 large industrial companies, SMEs, institutes and university groups committed
the initial funding for the development of the COAST Business Plan. This facilitated the formal established and registration
of TI-COAST as an independent foundation in December 2008. The COAST business plan was presented in September
2009 to the national co-ordination body for chemistry (‘RegieGroep Chemie’, RGC). Following the support by the RCG, the
Ministry of economic affairs and the national science foundation NWO granted the TA-COAST R&D program. This was the
first step in the realization of the COAST business plan.

The lean-and-mean organization structure of TI-COAST is exclusively funded by its participants, who contribute an annual
membership fee. In doing so, they emphasize their strong commitment to the COAST mission. Today, COAST is recognized
as the analytical-science-and-technology partner and executes its integrated strategic agenda of R&D, education and
infrastructure.

COAST is ready for the future. Obviously, analytical science and technology is of crucial interest to innovation in many
topsectors, but COAST has found a home in the Top Sector Chemistry, where it is recognized as Community of
Innovation. From there, COAST will establish and maintain contacts with other relevant topsectors, such as AgroFood, Life
Science&Health, Water, Energy, etc. COAST is specifically mentioned in the cross-cutting Roadmap ICT for the topsectors.

(1) a trend towards application-driven and sector-specific analytical R&D at Dutch universities and a concurrent decline of 

highly innovative fundamental analytical research, 

(2) increasingly difficult recruitment, due to a lack of high-quality researchers and technicians at PhD, MSc and BSc (HBO) 

levels, 

and (3) the limited sharing of and access to rare, high-end analytical instrumentation. 

The sense of urgency for COmprehensive Analytical Science and Technology (COAST) was evident.





Research team of analytical sciences and application have been 

recognized as one of sixteen VNU strong research teams in 2014

1. Research branch of organic compounds (since 1994)

2. Research branch of environmental geochemistry (since 1998)

3. Research branch of development and application of analytical instrument 

(since 2005)

4. Research branch of toxicology and food safety (new branch)



Head of 

research 

branch

Director

(Head of research team)

Key member

1. Environ. 

Geochemistry

2. Organic 

Compounds

3. Toxicology 

and Food safety

4. Development of 

analytical equip. & 

application

Research branches

VNU Key lab

1 PhD, 

1 PhD stu., 

2 MSc, 1 MSc Stu.

6 PhD, 2 MSc 4 PhD, 2 MSc, 

1 MSc Stu.

3 PhD, 2 PhD stu.

3MSc., 2 MSC stu.



Scientific achievements 2010- 2015

International publications:

In the period of 2010 – 2015, research team of analytical 

sciences and application published: 63 publications in 

internationally refereed journals (60 ISI papers), 46 publications 

in national journals and 31 published international conference 

contributions. 



(1)  Manual Capillary Electrophoresis (CE) equipment 

(2)  Automated SIA-CE equipment (SIA - sequential injection analysis) 

(3) Automated portable single-channel CE equipment

(4) Automated portable dual-channel CE equipment

Two patent registrations have been accepting as valid applications

1 2 3 4

Measuring equipments and application procedures



Priority targets

Analytical Sciences and Technology for 

Environmental Quality 

and Food Safety Control



Vision:

Becoming an laboratory on analytical sciences and application had equal level

as other laboratories in Southeast Asia.

VNU Key Laboratory of “Analytical Technology for 

Environmental Quality and Food Safety Control”

Target:

• Short-term (05 years): becoming a national laboratory of food safety and

analytical environment.

• Long-term: Development in products for the field of biomedical analysis.

Orientation of VNU Key laboratory:

• Becoming an outstanding centre in cooperation between VNU and

Shimadzu Corporation, Japan (VNU-Shimadzu COE) following

memorandum of understanding signed by Director of VNU and General

director of Shimadzu Corporation on November 3rd, 2012 .

• Becoming an potential unit in development of national products on the field

of fabricating sensor, measuring equipments being able to operate in

fieldsite for environmental quality control and food safety.







Orientation research and products in the period of 2016-2020

1. Research branch on environmental geochemistry

Research on geochemistry of groundwater (inorganic pollutants in

groundwater, especially heavy metal such as arsenic, maganese, etc)

Research on arsenic transport in groundwater based on experiments using

radioisotope.

 Publications in internationally refereed journals and education products



2. Research branch of organic compounds

 Research on organic polutants (POPs, PTSs) in environment, food and

biomedical samples.

 Research on separation and structure elucidation of organic compounds

owning biological activities in folk remedies using mordern intrumental

mothods

 Analysis proceduces for new pollutants

 Natural product, support for the treatment of some diseases have been 

identified chemical structure and activities

 Patent registration

 Publications in internationally refereed journals and education products



3. Research branch of development and application of analytical equipment

 Development of automated multi-channel CE equipment coupled with C4D

and UV-LED detector.

 Development of portable CE system with miniaturized flow system using

micro-injector or microfluidic.

 Development of applications using the developed instruments for quality

control of food, pharmaceutical and water environment.

 Participating in development and application of measurement equipment for

methane generation potential to assess renewable energy sources.

 The miniaturized, automated equipment, which can be produced by 3D

printing technology, coupled with electrochemical sensors and optical

sensors for environmental monitoring and control of food safety, quality

control of pharmaceutical and biofuel, patent registration.

 Publications in internationally refereed journals and education products



4. Research branch of toxicology and food safety (new branch)

Research on development cell lines carrying the gene expression for

application in environmental analysis and food safety.

 New tools to determinate and evaluate compounds using biochemical 

methods for research on toxicology and food safety

 Publications in internationally refereed journals and education products


