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1.  Background and objectives 
 

This manual is prepared to help East Asian countries carry out the monitoring of inland aquatic 
environment in line with the Monitoring Guidelines. For this purpose, it addresses in detail 
selection of sites, sampling methods, measurement parameters, analytical methods and quality 
control and assurance for the Monitoring on Inland Aquatic Environment (MIAE) in East Asia. 
 
In Northern Europe and North America, pH of lake water decreased in the 1970’s compared 
with that of the 1930’s and damages resulting from this decrease, such as declining fish 
populations, was reported. The cause of this pH decline is believed to have been deposition of 
acidic substances into lakes in excess of their neutralization or buffering capacity. 
 
According to the results of discussions at the specialist meeting of the Stockholm Conference on 
Acidification of the Environment held in 1982, acidification was acknowledged in many lakes, in 
Sweden, Norway, Canada and the United States that are highly sensitive to acid deposition 
(i.e., lakes having low alkalinity and receiving considerable deposition of sulfate ions over about 
0.5gS/  in their catchment basins) (Hileman, 1983).  As these results indicated, inland water 
bodies having low alkalinity below 0.05 meq/l and low electric conductivity are prone to 
acidification by acidic deposition.  Therefore, it is necessary to conduct continuous monitoring 
of water bodies and aquatic fauna and flora.  Effective ways to study historical acidification 
processes include analyses of lake sediment cores for both chemical composition and changes 
in the species composition of microscopic plankton populations. 
  
In order to assess the acidification of inland aquatic environment, it is necessary to obtain basic 
information related to 1) determining current status of lakes and streams, 2) analyzing chronic 
changes of aquatic environment, 3) forecasting future changes, and 4) mitigating acidification 
when it affects water utilization. 
 
Before making adequate plans for monitoring, it is important to understand the concept and 
process of acidification of inland aquatic environment. Fig.1 illustrates watershed and aquatic 
processes influencing the effects of acidic deposition on surface water under natural conditions 
(NAPAP, 1990) and Fig.2 shows a conceptual framework of major processes and hydrologic 
flowpaths that influence surface water chemistry (NAPAP, 1990). 
 
In East Asia, apparent acidification of lakes and streams due to acid deposition has not been 
observed. However, it is predicted that emissions of SO2 and NOx by fossil fuel combustion in 
Asia,  especially NOx, will  significantly increase in the near future, unless 
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mitigation measures are taken. Therefore, it is important to carry out continuous monitoring of 
chronic changes in aquatic environment. 
 
This manual is expected to help those who carry out the monitoring of inland aquatic 
environment in East Asian countries. Focus is placed on 1) criteria for selection of monitoring 
sites, 2) uniform sampling and monitoring methods for lakes, springs, headwaters and rivers, 3) 
uniform monitoring parameters (both mandatory and optional) and analytical methods, 4) data 
quality assurance/quality control, and data reporting and evaluation. 
 
As this manual describes suggested methods for the MIAE in East Asia, each country should 
select parameters and methods, fundamentally based on the guidelines and this manual, taking 
into account the situation and resources in the country.  It is important that consistent methods 
are used throughout the survey in every country.  
 
This manual will be reviewed and revised as appropriate, taking account of the latest scientific 
information and experiences accumulated in East Asia. 
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Fig. 1  Natural watershed and aquatic processes influencing the effects of acidic 
       deposition on surface water chemistry (NAPAP Report No. 14, 1990) 
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Fig. 2  Conceptual framework of major processes and hydrologic flowpaths that influence 
surface water chemistry (NAPA No.10, 1990) 
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2. Fundamental items concerning monitoring on inland aquatic environment 
 
2.1. Selection of monitoring sites 
 
2.1.1.  Classification of sampling site 
 
EANET monitoring sites are classified into two basic categories, namely deposition 
monitoring sites and ecological survey sites.  Deposition monitoring sites are sampling 
sites to collect fundamental data on the temporal and spatial distribution of acid 
deposition, and are further classified into three sub-categories: remote sites, rural sites, 
and urban sites for the objectives of the monitoring.  Ecological survey sites are those to 
provide basic data for assessing the effects of acidification on terrestrial ecosystems, and 
further classified into two sub-categories: basic survey sites, and ecosystem analysis 
sites.  All sites in each country should be classified according to these categories.  
Regarding the deposition monitoring sites, at least one or more remote or rural sites 
should be established in a country participating in the EANET activities. 
 
a.  Deposition monitoring sites 
Deposition monitoring sites in this network should be classified into three 
sub-categories: remote sites, rural sites and urban sites according to the objectives of the 
monitoring.  Wet deposition monitoring, and desirably dry deposition monitoring as 
well, should be carried out at these sites.  
 
b. Ecological survey sites 
Ecological survey sites should be classified into two sub-categories: basic survey sites 
and ecosystem analysis sites, according to the objectives of the monitoring.  Soil and 
vegetation monitoring, and monitoring for inland aquatic environment should be carried 
out at these sites. 
 
1)  Basic survey sites 
Basic survey sites are to be established at the deposition monitoring sites or in their 
vicinity in order to accumulate basic data on soil, forests and inland aquatic environment, 
and trends in properties.  At these sites, chemical and physical analysis of soil, 
description of trees, survey of understory vegetation, forest decline, and inland aquatic 
environment should be carried out. 
 
If forest decline or other changes in ecosystems are detected at basic survey sites, more 
intensive survey on soil and vegetation should be undertaken to grasp deposition through 
application of intensive surveys such as stemflow and throughfall surveys. 
 
2)  Ecosystem analysis sites 
Ecosystem analysis sites are to be established for the assessment of acid deposition  
impacts on whole ecosystems through application of, for instance, terrestrial ecosystem  
analysis and/or catchment analysis.  The location of these sites should be selected in  
areas where terrestrial ecosystems are sensitive to changes in atmospheric acidity.  Some  
of these sites should also be located in ecologically conserved areas.  At these sites,  
elemental dynamics in ecosystems should be surveyed, and environmental capacity for  
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acid deposition should be estimated.  Acidification models may also be developed for 
these sites. 
 
2.1.2.  Criteria for site selection of lakes 
 
a.  Criteria 
It is recommended that harmonic lakes which are considered to be potentially susceptible 
to acidification should be selected.  Natural lakes have higher priority for selection of 
sites than artificial lakes.  If appropriate lakes are not available, then springs, headwaters 
or rivers that are potentially susceptible to acidification and have little artificial 
influence, should be considered.  If there is no harmonic lake, dystrophic lakes could be 
selected for monitoring.  However, in this case, appropriate monitoring methods should 
further be investigated.  
 
It is desirable to choose monitoring lakes which are harmonic type, preferably having a 
depth of approximately 10m or less, a water retention time of 1 year or less, water area of 
1 hector or more, low alkalinity(less than 0.05 meq/L) or electric conductivity, minimal 
anthropogenic water pollution and no coverage of the surface with aquatic plants. 
 
b.  Representativeness of sampling sites 
Because the sampling point should be representative in the water bodies, it should be 
confirmed within half a year from the start of sampling, that the sampling site represents 
the water quality of the water body, by analyzing relevant items of surface water in 
several points (more than five sites including the center of the water body).  In the case 
that there are islands at the center of lake, the detailed survey is needed to decide a 
representative point in the lake. It is desirable that the monthly and hourly variations be 
investigated to evaluate the representativeness of a sampling site (more than 4 times, in 
each season). For the time being, on-site measurement of water temperature and electric 
conductivity can be deemed as a substitute method for these investigations.  
 
2.1.3.  Criteria for selection of springs, headwaters and rivers 
 
If there are no appropriate lakes in an area, springs, headwaters or rivers that are 
potentially susceptible to acidification may be selected, where a minimum pollution of 
human activities such as deforestation, slash-and-burn farming, stock-farming or 
cultivation is being conducted or planned in the upper stream area of the water sampling 
site.  Especially, to prevent the influence of other pollution and storm runoff, the 
selection of springs have higher priority than rivers.  In case of selection of rivers, the 
upper streams of a river or first order streams (as stream order) for areas with storm 
events is desirable.  At upper reach of the stream area, monitoring should be done at one 
point, and measurement of flow is desirable.  Nature protection areas are desirable for 
monitoring sites. 
 
In case of river water, water flow and ion concentrations change greatly with intense 
rainfall.  And therefore, sampling should be carried out when there is no or small (below 
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10mm) rainfall within 2 days before monitoring. 
 
2.2. Collection of information concerning monitoring site 
 
An inventory of lakes (including man-made reservoirs) based on their limnological 
significance and/or with water area of larger than 1 ha in the area in question should first 
be prepared.  The monitoring lake should be selected from the inventory, based on the 
criteria for site selection. Then the following information on both the selected lake and its 
watershed should be collected as much as possible from the past to the present.  An 
example of information on the lake and its watershed is shown in Table 1.  A colored 
photograph of the lake is useful (Photo.1).  An aerial view of the lake is most preferable. 
 
2.2.1.   Lakes 
 
a. Characteristics of lakes 
Location and location map, Elevation, Origin, Area, Shore line length,  
Lake hydrologic type (seepage, closed, drainage, and reservoir ),  
Lake trophic type (oligotrophic, mesotrophic, eutrophic and dystrophic with indication of 
OECD criteria (Table 2) or others),  
Water depth (mean and maximum), Water volume, Bathometric map, 
Range of annual water level fluctuation, Precipitation, Solar radiation,  
Wind direction and speed (mean and prevailing),  
Residence time of water,  
Lake utilization (irrigation, domestic water, electric power, fish culture, sightseeing, and 
others) 
 

Table 2  Classification of harmonic lakes by trophic level (OECD, 1982) 

Classification TP 
mg/m3 

Chlorophyll-a 
mg/m3 

mean     max 

Transparency      
m           

mean      min 

Extreme oligotrophic 
Oligotrophic 
Mesotrophic 
Eutrophic 
Hypereutrophic 

   ≤ 4.0 
   ≤ 10.0 
 10 ~ 35 
 35 ~ 100 
   ≥ 100 

   ≤ 1.0    ≤ 2.5 
   ≤ 2.5    ≤ 8.0 
   2.5~8    8~25 
   8~25    25~75 
   ≥ 25     ≥ 75 

   ≥ 12.0    ≥ 6.0 
   ≥ 6.0     ≥ 3.0 
   6~3      3~1.5 
   3~1.5   1.5~0.7 
   ≤ 1.5     ≤ 0.7 

  

Water quality: 
   Water temperature, pH, electric conductivity (EC), transparency, color, alkalinity, 
   Dissolved oxygen (DO) and dissolved organic carbon (DOC) (if impossible, chemical 
oxygen demand (COD)) 
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Table 1  Information concerning lakes 
Lake Name: Ijirako Lake(Pond)  
 
Lake Characteristics 
   Country: Japan 
   Location: Gifu Prefecture, 35�34′N,  136°56′E, refer to attached Map 
   Altitude: 110m above sea-level 
   Origin: Artificial (dam-made lake) 
   Area and shape: 0.1 km2, refer to attached Figure 
   Shore line length: 1.8 km 
   Lake hydrologic type: Reservoir 
   Lake trophic type: Oligotrophic to mesotrophic  
   Water depth (mean and maximum): 5.4 m and 10.9 m 
   Water volume: 540× 103 m3  
   Annual water level fluctuation: 0 to 740 mm (mean 220 mm) 
   Precipitation: 1985mm/year (1983-1988) 
   Solar radiation: Daylight time 173 hr./month (1983-1988) 
   Wind speed (mean and dominant): 1.8-2.8m/s 
   Wind direction(prevailing) : SE,S(summer),NW,N(winter) 
   Residence time of water : 23 days 
   Lake utilization : Irrigation, sightseeing and fishing 
   Water qualities of surface water (lake center) 
     Sampling date : 1990.10.12 (circulation period ) 
     Water temperature : 17.9˚C 
     PH: 6.8, Electric conductivity: 3.2mS/m, Transparency : 2.3m, Alkalinity: 0.102meq/l, 
     Dissolved oxygen: 8.0-12.7mg/l (1989), COD : 1.4mg/l  
     NH�

+ : 0.01mg/l, Na+ : 1.55mg/l, Ca2+ : 2.16mg/l, Mg2+ : 1.12mg/l, K+ : 0.28mg/l, 
     Al3+ : below 0.03 mg/l 
     SO4

2 - : 4.29mg/l, NO3
- : 1.38mg/l, Cl- : 1.82mg/l, PO4

3 - : below 0.01mg/l, Chl.a: 8.6µg/l 
   Plankton species in surface water (lake center) 
      1989.10: Asterionella formosa, Melosira italica,Sphaerocystis schroeteri, Cyclotella  
            kutzingiana, Dinobryon cylindrica, Diaptomidae 
a) 10: Chlorophyceae, Mallomonas sp., Chlamydomonas sp.,Bosmina sp. 
 
Sediment 
   Water contents: 42.6%, Ignition loss: 11.8% 
   Texture: Grayish clay, Particle size: below 0.074mm (72% wt.) 
   Benthos: Tubifex sp., Chironomus sp. 
 
Watershed 
   Area: 5.4 km2 
   Elevation and topography: 110 – 696 m above sea-level 
   Surficial geology: Chart 
   Soil types: Brown forest soil 
   Land use: Forests(99.6%) 
   Vegetation: Coniferous trees (Japanese red pine, cedar,cypress, and red pine) 
   Population: None 
   Numbers of streams: 2 inlets ;  8300 x 103 m3/year 
   Ground water: (No spring water: 1 well with pumping-up rate 4 x 103 m3/year) 
 
Data Source; Gifu Prefecture(1989,1990), Murase et al.(1990,1991) 



Manual for Inland Aquatic Environment                          

 9

Cations: ammonium ion (NH4
+), sodium ion (Na+), calcium ion (Ca2+), magnesium ion 

(Mg2+), potassium ion (K+) and total aluminium (Total Al) 
   Anions: sulfate ion (SO4

2-), nitrate (NO3
-) and nitrite ions (NO2

-), chloride ion (Cl-) 
and phosphate ion (PO4

3-) 
 
b. Living organisms in lakes 
Chlorophyll pigments 
Fauna, flora and biomass of phytoplankton, zooplankton, fish and benthic organisms, 
Biomass of bacteria 
Primary productivity of phytoplankton 
 
c. Sediment in lakes 
Physico-chemical properties : 

Texture, grain size, volumetric water content(bulk density), Eh, organic carbon,  
SO4

2-, NO3
- and if available, sulfur stable isotope ratio of sulfate and sedimentation 

rate. 
Planktonic composition (Diatom species)  
 

d. Watersheds 
Area, elevation and topography, surficial geology, soil types, vegetation, land use  
Population 
Numbers and discharge of streams (inlets and outlets ) 
Numbers, discharge and water qualities of spring or ground waters around the shore  

 
2.2.2.   Springs, headwaters and rivers 
 
a. Characteristics of springs, headwaters and rivers 
Location and location map, Elevation, 
Range of annual discharge fluctuation, Precipitation, Solar radiation,  
Wind direction and speed (mean and prevailing),  
River utilization (irrigation, domestic water, electric power, fish culture, sightseeing, and 
others) 
Water quality: 
   Water temperature, pH, EC, Alkalinity, DO, and DOC (if impossible, COD)  
   Cations: NH4

+, Na+, Ca2+, Mg2+, K+ and Total Al  
   Anions: SO4

2-, NO3
- and NO2

-, Cl- and PO4
3- 

 
b.  Living organisms in springs, headwaters and rivers 
Chlorophyll pigments 
Fauna, flora and biomass of attached algae, fish and benthic organisms, 
Biomass of bacteria 
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c. Sediment in springs, headwaters and rivers 
Physico-chemical properties : 

Texture, Grain size, Volumetric water content (Bulk density), Eh, Organic carbon, 
SO4

2-, NO3
- 

Biological properties: 
Attached algae (Diatom species) 
  

d. Watersheds of springs, headwaters and rivers 
Area, Elevation and topography, Surficial geology, Soil types, Vegetation, Land use  
Population 
Discharge of streams  
Numbers, discharge and water qualities of spring or ground waters around the river  

 
2.3. Measurement parameters and frequency of monitoring 
 
Measurement parameters should be classified into two categories: mandatory and 
optional items presented in Table 3. 

 
2.3.1.   Lakes 
 
a.  Items measured more than 4 times a year 
1) Mandatory parameters 

· Water Temperature, pH, Electric Conductivity (EC), 
  Alkalinity (at pH 4.8 baseline),  

  · NH4
+, Ca2+, Mg2+, Na+, K+ 

  · SO4
2-, NO3

-, Cl- 
2) Optional parameters 
     Phytoplankton (Diatom species) 
 
b.  Items measured once a year 
1) Mandatory parameters 

Transparency, water color, DOC (if impossible, COD), NO2
- and PO4

3- 
2) Optional parameters 
  Total Al  
 
c.  Items measured once 3-5 years 
1) Mandatory parameters 

Sediment (SO4
2-, NO3

- and NH4
+ in pore water) 

2) Optional parameters 
  Living organisms other than phytoplankton 
  Sediment (Pb, Pb-210 and stable isotope of S) 
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2.3.2.   Springs, headwaters and rivers 
 
The water samples from springs, headwaters and rivers that are potentially susceptible to 
acidification should be measured more than 4 times a year for the same mandatory 
parameters as those for lake water. 
Epilithic algae should be collected in stead of phytoplankton, as optional parameters. 

 
Table 3  Mandatory and optional parameters   

 Mandatory Parameters Optional Parameters 

4 times/year W.T., pH, EC, Alkalinity (at pH 
4.8 baseline), 
NH4

+, Ca2+, Mg2+, Na+, K+ 
SO4

2-, NO3
-, Cl- 

 

Phytoplankton (diatom species)* 
Epilithic algae** 

Once/year Transparency, water color,  
DOC (if impossible, COD), 
NO2

- and PO4
3- 

 

Total Al 

Once 
in 3 ~ 5       
years 

Sediment (SO4
2-, NO3

- and NH4
+ 

in pore water)* 
Living organisms other than 
phytoplankton, Sediment (Pb, 
Pb-210 and stable isotope of S)* 

*   parameter for lakes only 
**  parameter for springs, headwaters and rivers only 
 
 
2.4.  Procedures of monitoring 
 
2.4.1.   Collection and handling of samples 
 
a. Registration of the personnel in charge of collection of samples and their   
    supervisors 
Each organization in charge of collecting samples will appoint a person in charge of 
collecting samples and their supervisors. The persons to collect samples should be well 
trained. The persons who collect samples at each site and their supervisors should be 
registered to the National Center. The name of the person who collects each sample 
should be recorded in the on-site record table. 
 
b.  Sample collection 
Surface water should be sampled directly by a clean polyethylene bucket or a dipper at 
the representative point of the lake. The duplicate samples should be collected at the 
same point. The water sample should be taken full up in two well-washed 1 L glass or  
polyethylene (polypropylene) bottles without air after washing by sample water. For 
analyses of EC, pH and alkalinity, unfiltered samples should be used. For analyses of 
ionic components, filtered samples should be used. It is recommended that the samples 
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be filtered at the site (Whatman GF/C or Millipore GF filter which pore size is about 
1µm with 47 mm diameter, dried at 100±5 ºC for 2 hours) particularly when the samples 
are measured longer than several hours after sampling. 
   
c.  Sampling frequency 
According to the guidelines on EANET, the monitoring for inland aquatic environment 
should be carried out with the frequencies as shown in 2.3.1. and 2.3.2. 
 
d.  Handling and transportation of samples 
Transportation of samples from sampling sites to chemical analysis laboratories should 
be conducted in cooler boxes filled in freezer packs.  
 
2.4.2.  On-site measurement 
 
Water temperature should be measured on site and should be recorded on the field 
reporting form.  Air temperature, transparency and outward appearance such as color are 
recommended to be measured on site and should be recorded on the field reporting form.  
EC and pH are recommended to be measured in the water bath at 25ºC in the laboratory.  
If a temperature controlled water bath is not available, use of water bath without 
temperature control but containing at least 5 L of water may be considered.  However, 
on-site measurement of pH and electric conductivity is useful as reference data.  
  
2.4.3.  Measurement and analysis 
 
a.  Measurement parameters 
Measurement parameters are shown in 2.3.  
 
b.  Measurement procedures 
Electric conductivity and pH of the samples are recommended to be measured in the 
water bath, which is thermostated at 25ºC immediately after arriving to the laboratory.  
If a temperature controlled water bath is not available, use of water bath without 
temperature control but containing at least 5 L of water may be considered.  And 
alkalinity should be measured by titration with a 0.01 mol/L or 0.001 mol/L sulfuric acid.  
The water samples for other chemical analysis should be filtered with a glass fiber filter 
(Whatman GF/C or Millipore GF filter which pore size is about 1µm with 47 mm 
diameter, dried at 100±5ºC for 2 hours) if not done so on site, and stored in a refrigerator 
at 4�. If the measurement and analysis are done more than several days after arrival at 
the laboratory, the samples should be stored between -20ºC to -40ºC.  All chemical 
analysis should be finished within 1 week.  
 
c.  Fundamental measurement and analysis matters 
Freedom from contamination of the apparatus, materials and reagents using in  
measurement and analysis must be confirmed beforehand: blank values of substances  
should be as low as possible. Measurement and analysis should be executed by persons  
who are well trained.  To maintain high analytical quality, SOPs must be prepared for  
the management of apparatus, materials and reagents. 
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d.  Laboratory audit 
Laboratory audits should be carried out with sampling site audits or separately by the 
National Center with similar frequencies.  The laboratory audit consists of inspection 
and advices on sample handling, capacities of instruments, preparation and 
implementation of SOPs, and other QA/QC activities and their records.  The audit 
results should be recorded and stored.   
 
Other details on measurement and analyses are mentioned in 5 (page 20). 
 
2.4.4.  Data control 
 
There are three purposes concerning quality assurance of data control. 
1) Assure that all sample data will be stored in database in an adequate manner. 
2) Mark with flags the data, whose accuracy and representative are doubted. 
3) Recognize and describe samples, that were measured without standard methods, i.e. 
with contamination, instrument trouble, bulk sampling, etc. 
Quality assurance and quality control in data control should be carried out in analysis 
organizations, National Centers, and INC, individually. 
 
a.  Treatment of abnormal and unrecorded data 
When the sensitivity of instruments is not stable, when the results of duplicate analyses 
or re-measurements are significantly different, or when the ratio of a theoretical value to 
that for determined data in ion balances and electric conductivity is significantly different 
from 1, measurement should be repeated since reliability is low. In addition, when 
samples seem to be obviously contaminated, these data should be treated with flags and 
further examined whether they should be unrecorded. 
 
These problems will waste much labor, time, and expense. In addition, abnormal or 
unrecorded data can corrupt research results. So careful checks are needed to avoid data 
of inadequate quality. When abnormal or unrecorded data appear, the process should be 
carefully reviewed to prevent the occurrence of the same problem in the future. 
 
b.  Judgment of valid data 
All measured data should be checked for following R1 and R2 values. If necessary, 
re-measurement should be carried out and the adequacy of data should be checked. If the 
concentration or standard deviation of concentration of an ion differs greatly from the 
long term average concentration or standard deviation of concentration, respectively, 
during a given period, then this causes for concern and should be carefully considered. 
 
Detailed QA/QC activities are mentioned in 6 (page 32). 
 
2.4.5.  Data reporting 
 
Each organization responsible for field sampling and each analytical laboratory should 
record, control and store the following information. 
 
a. Information about sampling sites 
Efforts should be made to obtain the following information. 
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1) Information concerning watersheds of sampling lakes 
2) Information concerning characteristics of lakes  
3) Information concerning sediment in sampling lakes  
4) Information concerning living organisms in sampling lakes  
 
b.  Matters related to collection of samples 
The records of on-site information (lake name, sampling point, name in charge, sampling 
time, air and water temperature, out-looking of sample, transparency, climate, etc.), 
information on sample collection instruments or tools (pictures of instrument and design 
diagrams, model name, manufacturer and manufactured date, etc.) should be reported to 
National Center. 
 
c.  Matters related to analytical procedures 
1) Calibration and measurement procedures for analytical instruments 
2) Miscellaneous other values required to obtain measurements 
  
d.  Local quality control activities 
Each organization responsible for the field sampling and each analytical laboratory will 
record the following information and will store them with the data: 
1) Performance of all procedures prescribed in SOPs 
2) Routine instrument checking and maintenance, record of instrument adjustment          
(calibration of instruments) 
3) Names of producers and traceability of standard materials etc., institution of 
measurement conditions of analytical instruments and its results 
4) Results of analysis of lowest detectable limits and lowest determination limits 
5) Results of duplicate analysis  
6) Evaluation of cation and anion balance and conductivity difference 
7) Results of site performance audit 
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3.  Sampling and on-site measurement 
 
3.1. Lakes 
 
3.1.1.   Water quality 
 
a.  Sample collection  
Surface water is sampled directly at the center of the lake or another representative point 
of the lake.  As reference data, the measurements of water temperature, pH and electric 
conductivity are recommended to be conducted at the site by using portable instruments.  
The water sample for determining EC, pH and alkalinity should be taken in the glass or 
polyethylene (polypropylene) bottle without air.  The water sample for later chemical 
analysis should be filtered and put in a tightly stoppered glass or polyethylene bottle, and 
be stored in a cool and dark place.  The bottles for chemical analysis should be cleaned 
well beforehand.  
 
Surface water should be sampled directly by a clean polyethylene bucket or a dipper at 
the representative point of the lake. The duplicate samples should be collected at the 
same point. The water sample should be taken full up in two well-washed 1 L glass or 
polyethylene (polypropylene) bottles without air after washing by sample water. It is 
desirable that the samples are filtered at the site when the samples are measured longer 
than several hours after sampling (Whatman GF/C or Millipore GF filter which pore size 
is about 1µm with 47 mm diameter, dried at 100±5ºC for 2 hours). 
 
 
 
 
 
at sampling site 
 
 
                                                              
                                                                
 
 
 

 
Fig. 3  Treatment procedure of inland water sample 

 
 

b. Determination method of water quality at the site 
The following parameters are expected to be measured at the site as reference data. 

lake water 

measure W.T., EC, and pH on site 

filter on site do not filter 
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Water temperature (W.T.): The measurement of W.T. should be conducted by using a 
portable pH or EC meter with a temperature sensor.  
 
pH: The measurement of pH at the site should be carried out by using a portable 
electrometric pH meter with glass electrode (Photo.2). Before determination at the site, 
the pH meter must be calibrated at pH 4 and 7 by using standard solutions for the 
instrument. When not in use for long time, the glass electrode should be kept clean.  
 
Electric conductivity (EC): The measurement of electric conductivity at the site should 
be carried out by using a portable EC meter (Photo.3). When the electric conductivity is 
measured at the water temperature of the site, it may be corrected to the value at 25�. 
The equation for correcting is as follow. 
 
  (EC (t) ) = (EC (25)) × [1+ 0.019 (t-25)] 
                              where,  t : water temperature at the site  
 
3.1.2.  Plankton (diatom) 
 
a.  Net sampling 
A plankton net (NXX25; 0.1mm of mesh opening size) is commonly used for collecting 
phytoplankton samples. The sample is collected from the bottom to the surface water 
layers. The concentrated phytoplankton sample is transferred into a polyethylene bottle 
and transported to the laboratory under cool and dark conditions.  
 
b.  Water column sampling 
If small cells of phytoplankton species, much smaller than the mesh openings of plankton 
nets, are abundant in lake water, a simple column sampler having 30 to 50mm diameter 
and 1m length (Photo.4) is recommended for sample collection. The water sample is 
collected from the surface water layers. It is transferred into a clean bucket, then 
dispensed into polyethylene bottles and transported to the laboratory under cool and dark 
conditions. 
 
3.1.3.  Sediment 
 
It is desirable, if possible, to estimate past changes in water quality by examining 
samples of lake sediment for the information recorded within. Analysis of the sediment 
core samples is used to provide clues to assess the yearly trends of lake acidification 
when data of past water quality are not available. 
 
A lake sediment core of 150 to 300 mm length is obtained at one location at the center of 
lake by using a core sampler (Photo.5) with at least 50 mm diameter. 
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3.2. Springs, headwaters and rivers 
 
3.2.1.   Water quality 
 
Surface water is collected directly at the center of main flow without floating material.  
As the reference data, the measurement of water temperature, EC and pH are conducted 
at the site by using portable instruments.  The treatment of water samples and on-site 
analysis is carried out in the same way as for lake water.  It is recommended to measure 
or estimate the flow of the stream at the sampling time. 
 
3.2.2.  Epilithic algae (diatom) 
 
Submerged stones are picked out of more than five places in the middle of rapid main 
flow.  Then epilithic algae attached to the upper surfaces of the stones are stripped off 
with a nylon brush, rinsing the stones with a small amount of clean water.  When a thick 
film of epilithic algae is observed, it may be good enough to collect a sample from one 
stone with about 50 to 100mm diameter.  If the amount of algae is not sufficient, 
samples should be gathered from several stones.  The samples are transported to the 
laboratory under cool and dark conditions. 
 
3.2.3.   Sediment 
 
The matter attached to the stones or rocks of a river bed can be used in place of the 
samples of sediment in headwaters and springs.  Stones or rocks of 200 to 300 mm 
diameter are picked out of river bed, and the attached matter is scraped off by a tooth 
brush.  
 
The attached matter scraped off with water is separated into two parts; one for 
measurement of the species composition of diatoms, and the other for chemical analysis 
of the attached matter.  
 
If possible, the samples for species composition should be treated by adding neutral 
formalin solution at the site.  The other sample for chemical analysis should be stored in 
a cool and dark place.  After coming back to a laboratory, the samples should be 
analyzed as soon as possible.  Fig.4 shows the treatment procedure for the sediment of 
springs, headwaters and rivers. 
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at sampling site 
 
 
 
 
 
 
 
  
transportation                                           
 
in laboratory  
 
 
 

 
 

Fig. 4  Treatment procedure for attached matter in springs,headwaters and rivers 
 
 
3.3. Frequency of monitoring 
  
The minimum frequency of water sampling is presented on sectin 2.3. 
 

Table 4  Minimum frequency of sampling times in each region* 
Region Water sample in lakes, springs, 

Headwaters and rivers 

Sediment 

in lakes 

Attached matter in springs, 

headwaters and rivers  

Tropical 4 (wet, dry, 2 between in one 
year) 

1 (in 3~5 years) 4 (wet, dry, 2 between in one year) 

Temperate 4 (high water level, low water 
level, 2 between in one year) 

1 (in 3~5 years) 4 (high water level, low water level, 
2 between in one year)            

Frigid 4 (high water level, low water 
level, 2 between in one year) 

1 (in 3~5 years) 4 (high water level, low water level, 
2 between in one year) 

  * This table is prepared for items measured more than 4 times and once in 3 ~ 5 years. 

Attached Matter in Springs, 
Headwaters and Rivers 

pick up stones or rocks 

scrape off attached matter by brushing, put it in water 

Add formalin Do not add formalin 

Store in cool and dark 

Analyze chemical composition 
Measure species        
composition of diatom 

centrifuge 


























































