Chapter4  Data Analysis for Coastal Water Quality Monitoring

4.1 Conservative and Non-Conservative Substances
The average salinity of ocean water is about 35 g per kilogram of seawater. The major
chemical components of scawater are cations of sodium, magnesium, calcium, etc. and anions
of chlorine, suifate, bromine, ctc. In addition, seawater contains many minor clements and
radicals, some of which have great biological importance in spite of their relatively low
concentrations. These elements can also be grouped into two. One group compriscs
conservalive substances like salinity whosc chemical activity is very low relative to the rate of
physical oceanographic processes (such as mixing and advection), and essentially controls its
distribution. The other group consists of non-conservative substances like phosphate and
nitrate whose distribution reflect the effects of shorl-term biological or geochemical activity,
as well as the effects of physical occanographic processes.
In the coastal area where river water containing much nutrient salt flows to the sea, salinity is
a typical conservative element that is utilized as an indicator of the diluted condition of river
water. |
Nutricnt salts are esseatially non-conservative elements. Unlike salinity, they do not exhibit
the same behavior in a culrophic water body owing to the large standing stock of
phytoplankton, which absorb nutrient salts from surrounding waters. However, in a less
standing stock or inactive scason of phytoplankton, nutrient salts sometimes show
conservative  distribution, whereby concentrations of phosphate and nitrate decrease
corresponding to increase of salinity. In this case, it is possible to estimate the ainount of
nutrient salt uptake by measuring the concentration of chlorophyll-a.
Total phosphorus or tola} mlrogen is rcgardcd as a conservalive element even if nutrient salts
changc from morgamc 1o organic form by lhc uptake of phytoplankton, because il is a
morphologlc changc
Figure 4.1 shows the rclallonshlp bclwcen salinity and total phOSphorus and phosph'rtc
phosphorus based on analysrs of the coastal sur[ace watcr of Osaka Bay, Japan, which had an
occurrence of rcd tldc Total phosphorus mamfeslcd closc to minus correlation wrlh salinily,
but. it is not secn as a tendentious featurc between phosphate phosphorus and salinity.
‘Furthermore, it is considered that the variation of phosphale phosphorus to totat phosphorus is

cquivalent to the amount of phosphate phosphorus absorbed by the numerous phytoplankton
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present in the red tide. In order to confirm this hypothesis, the relationship between variation
of phosphate phosphorus to total phosphorus and plankton pigments (chlorophyll a + pheo
pigments) was measured at the same time, as shown in Figure 4.2. The result is a close
corrclation, approximating a straight line. In light of the foregoing, it has been made clear
that the marked decrease of phosphate phosphorus in the surface layer of Osaka Bay was the
result of its absorption by phytoplankton.

It is necessary that the data obtained during water quality monitoring be comprehensively
analyzed using scveral paramelters, because the coneentration of phosphorus or nitrogen in the
coastal area is affected by a number of factors, such as amount of phytoplankton, diffusion of

river water and topography of monitoring area.
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4.2 Internal Pmductmn (COD Load Orlgmatmg from Phytoplankton)

COD is a common indicator of the amount of organic po!lutan!s present in coastal waters.
These pollutants are composed of substances coming from land and thosc produu:d in
scawaler by phytoplankton, also called internal producllon of orgamc matler.

The composition ratio of orgamc malter in the coastal area varies accordmg 1o water area and
scason; it is known thal the ratio of internal producuon increases in high tcmperalurc and

dccrcasc‘; in low temperature.




In the water quality monitoring in dry season, the amount of organic substances with COD
showed a close correlation to the amount of phytoplanklon with chlorophyll-a, as shown in
Figure 4.3, and the relation between COD (Y) and Chlorophyll-a (X) is approximated by the
following formula:

Y = 0.102X + 0.82 (R*=0.797)

It is regarded that the valuc of Y, 0.82 mg/l, on the occasion of X is zero, is an organic
substance not originating from phytoplankton.

However, in the water arca with COD concentrations of 4-8 mg/l, it can be said that 80-90%
of the total organic substance present therein originated from phytoplankton as a result of
internal production. Besides, the existence of 10 /1 of Chlorophyll-a corresponds to § mg/i
of COD judging from the gradient of approximate line of the said area.

According to some surveys conducted in Japan, in a normal coastal area exhibiting less
internal production, the concentration of COD (Alkaline iodine method) measures about 0.5-
1.0 mg/l. It is pointed out that cffective, long-term cutrophication control measures, cg
reduction of ni_trogeﬁ and phosphorus loads, are needed because it is the internal production of

organic pollutants that contributes a higher share in the pollution of coastal waters.
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Figure 4.3 COD as an Indicator of Chlorophyll-a Concentration for

Water Quality Monitoring in Diy Season

4.3 Relation between Oxygen Deficiency and Nutrient Salts in Closed Sea Area

When the tempéralure rises in the temperate region, a marked vertical difference in water
teﬁ'iﬁéréture and séliilil'y'él‘[')pears'in’ the inner part of bays 0r_rchr ;nOuths, where conditions
are closed and water movement is limited. As a result, a phenomenon called pycnocline

occurs where seawater undergoes a change of densily and distributes like piled layers.
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Oxygen deficiency in the bottom layer gradually progresses under such a condition because of
the limiled exchange between upper and boltoim waters. ‘This results in release of high
concentration of nutrient salts from bottom sediment and/or decomposed organic substances
in lower water that have accumulated in the bottom layer. This condition is known to exist
with remarkable regularity corresponding to oxygen depletion, between the concentration of
recycled nutrient salts and the consumption of dissolved oxygen for decomposed organic
substances in the boltom water.

Richards, ct al.” presumed that the oxidation of organic substance occurs if the component of
organic substance existing in a coastal arca approximates a plankton or the like, as indicated

by the following formula. It is called Richards Decomposition Model.
(CH;O)m(,'(NH3)|6°H3PO4 + 1380, * 106C02 + 122Hzo + 16HN03 + H3PO4

It is clear from this formula that consumption of 276 atoms for oxygen is equivalent to 1 mol
of recycled phosphate and 16 mols of recycled nitrate when 6rgaliic substances like planktbn
are decomposed by oxygen in water, and the amount of recycled phdsphatc phosphorus and

nitrate nitrogen shows the ratio of 1:16.
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As a concrete cxamplc”, the distribution of boltom waters for dissolved oxygen, dissolved
inorganic phosphorus (DIP) and dissolved inorganic nitrogen (DIN) is shown in Figure 4.4
based on the results of observation during the summer in Osaka Bay, which is a typical closed
and cutrophic water area in Japan. The figure suggests a close correlation between the
aforementioned three elements because cach distribution shows a remarkable similarity of
pattern.

Figure 4.5 shows the relation between dissolved oxygen and DIN, and dissolved oxygen and
DIP for bottom layer based on data of the last four yecars.

The figurc shows a straight line for the relation between amount of consumed oxygen lo
decomposed organic substance and amount of recycled DIN. The amount of dissolved
oxygen is represented by AOU (Apparent Oxygen Ulilization, meaning the difference
between logical saturation volume of dissolved oxygen and its observed saturation volume).
The results of Table 4.1 were calculated based on each correlation from observed data
obtained in the summer during the last 11 years. The ratio of recycled DIN to consumed
oxygen ( "0/ *N) showed the value of 14-23, and they were closc to the value estimated
from the Richards Decomposition Model.

On the other hand, the characteristic relation between AOU and DIP approximates two
straight lines with different slopes. _

The line (1) with a slight slope cxisting within an arca of low AOU is regarded as
decomposed DIP to be explainéd by Richards Model. The other line (2) with a steep slope
exists withih an area of high AQU. This relation is regarded as a phenomenon, occurring as a
result of DIP being released from sediment and then added to DIP recycled in bottom water,
because it is well known that phosphate is released from sediment when iron ( ) p hosphate

changes to iron ( *) phosphate, a dissolved walter feature, when there is oxygen deficicncey.

Although such regular relation belween declining concentration of dissolved oxygen and
_ incréasing amount of nutrient salts is scen at the bottom layer of typical closed sea arcas like
Osaka Bay durmg the summer, the said phenomenon pomts to a volumetric relation which

baswally cx15[s in T’lmplCO coaslal area.

Chapter 4 Data Analysis for Coastal Waler Qualily Monitoring 4 - 5



Table 4.1 Atomic Ratio of Oxygen Consumption to Generated Inorganic Nitrogen Calculated

from the Data of Different Years, in Osaka Bay, Japan

Cocilicient

MNumber
Year J0f4N of
corrclation  ©f data
1972 14.2 0.96 19
1913 15.5 0.90 19
1974 12.6 0.93 19
1975 15.6 0.98 20
1976 21.4 0.96 20
1977 19.5 0.98 20
1978 23.] 0.81 3_20
1979 13.0 0.98 20
1980 14.6 _ 0.88 20
1981 15.8 0.90 20
1982 16.6 0.92 .20
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Figure 4.5 Nutrient Concentrations as a Funétion ol Appérent Oxygen VUtiIizatiqn (ACU)
in the Oxygen Deficient Waters of Osaka Bay in August from 1974 to 1977

(D; Regenerated Inorganic Phosphorus with Oxygen Consumption

(2; Released Phosphorus from Sediments




4.4 Relation between Monitoring Parameters
A close relation cxists between the 16 parameters for water qualitly moniloring in Tampico
Arca. As previously explained, there are other parameters measured for specific substances
bascd on objectives. Therefore, it is necessary to study water quality conditions keeping in
mind this close relation between paramelers.
The coastal area could be characterized by the following statements, based on the presumed
relation between the analyzed parameters, as indicated in Table 4.2, where a plus mark
indicates a positive correlation, while a minus mark is a negative correlation,

¢  Salinity is mainly affected by the diffusion of river water,

¢ River water contains a large amount of pollutants such as nitrogen and phosphorus.

e In a strtificd and oxygen deficient water area, nutrients are introduced into the water

body not only by the release of nutrients from bottom sediment but also by the

decomposition of organic substances in water.
o It a number of cases, organic contamination in the coastal area mainly originales

from internal production.

Table 4.2 Relation between Monitoring Parameters

Trans |pH | Sal. | DO | COD | SS |POP| TP | DIN | TN [ Chi-a
—_— + J— J— J— J— - — —_—
el + + +
i Tt =1 -1 = 1—=1T"
__ ¥ | + ¥ I + +
COD — + | - + fReEE o+ + + +
SS — [+ =1 + + [EEE + + +
@ POo.P | — [ | - T x|+
TP — T+ =1+ + + e
DIN | — |~ | = T
TN — |+« =1+ + n +
Chi-a| — |+ | — | + + + n

Remark; DIN means the sum total of NH4.N, NO,-N and NO;-N
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Appendix A Method of Scawater Analysis

Al pll

A.l.l.  Scope and Application

Glass Electrode Method is used for pH measurement of most water, river water, seawater
and brackish water systems.  This method is characterized by short balancing time of
electrical potential and high reproducibility. (Reference: JIS K 0102 12 and EPA METHOD
150.1) '

A.1.2. Summary of Mcthod
The pH of a solution is determined using two clectrodes: a glass electrode and a reference

electrode.

Preservation: If possible, pH should be measured on field, if not, the sample should
be stored in a dark side of the boat and the temperature kept at 4°C.

A.13.  Accuracy |
Accuracy depends on the measuring equipment. General significant figure of accuracy,
however, may be double figures.

A4, - Rematk

1) Care should be taken when comparing data because pH is easily affected by changes in
temperature. When comparing data, it is advisable to.indicate the temperature with the
formula, as indicated below

pHas = pHy, ~ 0.0114 (25 — t,)
© " pHzs i pHunder 25°C
pHm : -measured pH
.ty . @ waler temperature on measurement

Flowchart of pH Measurement by Glass Electrode Method

-—Ealib rate_l—_-- Use standards of pH 4, pH 7 and pH9 .
L 4 » Sample of about 30 ml
Wash the sensor

¥
Measure




A2 DO (Dissolved Oxygen)

A2.1 Scope and Application

Winkler-Sedium Azide Modification Method is used for measurement of pollutants not

only in natural seawater

and PHSA 1.3)

and fresh walter but also in coastal water. (Reference: JIS K102-32

A22 Summary of Method

Add manganese (11) sulfate to alkaline potassium iodide-sodium azide to produce manganese

(II) hydroxide, which is oxidized by dissolved oxygen and converted into mangancse (1I1)

hydroxide. Then, add sulfuric acid to dissolve the precipitate, titrate isolated jodine with

sodium thiosulfate solution to determine dissolved oxygen. Interference of sulfide, ferrous

salt, and ferric acid, however, cannot be removed.

Preservation : The sample should be preireated and stored in a dark side of the
boat; it should be analyzed as soon as possible.
Standard : N/100 sodium thiosulfate ‘should be standardized with potassium
iodate.
Caleulation  : Its calculation is as follows: ‘
DO (mg/) =axf x—z—;—x \l/??(:/ x0.08

a

Vi

V2

f
0.08 :

A.23  Deteclion Limit

: N/100 sodium thiosulfate solution needed for titration(inl)

: volume of measuring bottle for dissolved oxygen when tightly

capped with a stopper (ml)

: sample partly taken from measuring botile for dissolved oxygen for

titration (ml)

: total amount of alkaline polassiuin jodine-sodium azide solution and

manganese (11) sulfate solution (ml)

: factor of N/100 sodium thiosulfate solution

oxygen equivalent to 1 ml of N/100 sodium thiosulfate solution {mg)

The detection limit is above 0.05 mg



A24 Remarks

1)

2)

3)

4)

5)

Seawater often conlains microorganisms, so it is necessary to hasten the reaction to finish
the test as soon as possible. To hasien the reaction, add alkaline potassium iodide-sodinm
azide solution two times, manganese (IF) sulfate solution two times, and then add sulfuric
acid two times.

Prior to adding sulfuric acid, if 1 ml of potassium fluoride solution (300 g/1} per 100 ml
of sample is added, iron (HII), with a dose as much as 100 mg/l to 200 mg/l, will not
produce a disturbance.

The capacity of this bottle should be exactly known and the ground stopper is cut aslant.
100 ml of BOD botiles are used in Japan, and the capacity of each bottle is known, These
bottles called “DO botiles” are used especially for this purpose, and not for any other
analysis. And the total amount of sample is provided for analysis.

Dissolve 350 g of potassiuin hydroxide (or 250 g of sodivm hydroxide) and 75 g of
potassium iodide in waler, then mix them; add water to make 500 ml. Separately,
dissolve 5 g of sodium azide in 20 ml of water, and mix them. Put it in a light-shiclded
polyethylene bottle, and preserve it in a dark place.

0.0375 N of sodium tiosulfate solution is used in EPA METHOD 360.2.

Flowchart of DO (Dissolved Oxygen) Measurement by Winkler-Sodium Azide Modification

Take sample "? L A 10010 300 mi of narrow mouth glass bole with
~ ground stopper (e.g. BOD bottle}

* 480 gA MnS0,.5H.0 1 mi/ sample 100 ml
* Alkaline potassium iodide solution 1 ml 9

Y

Cap lightiy — Confirm bubbles do not appear.
k 4

Mix them [~ About 30 limes
Y-

Keep stale

* § mlof H;S0, per 100 mi of sample

A 4
Transfer sample

i h 4

I Titratle | — NI0O NazS;gO;s'
: — Starch sofution as indicator




AJ COD (Chemical Oxygen Demand)

A.3.1.  Scope and Application
Alkaline Potassivm Permanganate Method is used for determining the quatity of seawater,

fresh water and industrial water. (Reference: JIS K 0102 19)

A3.2,  Summary of Method
Make the sample alkaline, and add potassium permanganate as oxidizing reagent; mix them in
a boiling bath for 20 min, then obtain the amount of potassium permanganate consumed in the
reaction.
The test shall be carried out immediately after sampling. When immediate testing is
impossible, preserve the sample in a cool dark place (0-10°C), and carry out the test as soon
as possible.

- Preservation : The sample should be stored in a dark side of the boat and the

temperature kept at 4°C; it should be analyzed as soon as possible.
Standard  : 10 mmol/l sodium thiosulfate should be standardized with potassium

iodate.

Calculation : lis calculalion is as follows:

COD (mg/]):(b-a)x p x]ﬁ%gg 003
a: 10 mmol/l sodium thiosulfate solution needed for titration(ml)

b: 10 mmol/l sodivim thiosulfate solution needed for titration where water is
tested(ml)

f: factor of 10 mmol/l solution thiosuifate solution '

0.08: oxygen equivalent to 1 ml of 10 mmol/l sodium thiosulfate

solution(mg)

V: taking sample volume(ml)

A33  Detection limit: 0.1 mg/l

The typical detection limit for this method is 0.1 mg/L according to JIS K 0102-19.
A34. Remarks |

1) In case a suspension occurs, shaké sufficiently to make uniform, and then carry out

sampling,



2)

3)

4)
5)

This is the quantity of potassium permanganate solution (2 mmol) of which about half
will still be left after heating for 20 min. When the oxygen demand by alkaline potassinm
permanganate is 8 mgO/l or less, it should be 50 ml.

‘Take 0.32 g of potassium permanganatc info a beaker, and dissolve it in 1050 to 1100 ml
of waltcr. Boil it gently for 1 to 2 hours, and allow it to stand for 16 hours or longer. Filter
its supernatant through a glass filter G4 (do not wash with water before and after
filtration). Keep it in a colored glass bolile.

Carry out the blank test with same procedure.

Dissolve 26 g of sodium tiosulfate pentahydrate and 0.2 g of sodium carbonate in waler
to make 1 /. total; let it stand for at Icast two days. Concenirations of this solution arc 100

mmol/l. Dilute this reagent 10 times, and make 10 mmol/1 of sodium tiosulfate solution.

Flowchart of COD Measurement by Alkaline Potassium Permanganate Method

Sample 50 m1™?

<10 % NaOH 1 ml
. < 2 mmolfl KMnO, 10 mi ¥

Boil [~ 20 minutes
Cool
< 10% Kl 1ml

< 4% NaN; 1 drop
© & (2+1) H280, 0.5 ml

Titrate ¥ . Use '10 mimol Nazszoaf"
- Starch drip as indicator.




Ad TOC (Total Organic Carhon)

A4l  Scope and Application

Combustion Oxidation-Infrared Type TOC Automatic Analysis Method is used to
determine the quality of seawater, fresh water and industrial water. For TOC analysis, a
special apparatus and infrared type analyzer is needed to measure it, but a standard method is
adopted. (Reference: JIS K 0102 22, EPA METHOD 415.1) '

A42 Summary of Method
Organic carbon in a sample is converted to carbon dioxide by catalytic combustion. The CO,
formed can be measured direcily by an infrared detector.
Add acid in the sample which has been continuously introduced in a measuring device to
make its pH 2 of less, then acrate (o remove inorganic carbon. Introduce its decidéed amount
to a high temperature total carbon measuring tube together with carrier gas, change the carbon
in organic matter into carbon dioxide, measure its coﬁqentr‘alionr using a non-dispersive
infrared gas analyzer, and obtain the concentration of organic carbon (TOC).
In case samples are natural water, e.g. seawater and ol-igolrophic lake water containing a little
organic maller, it is desirable to analyze them with Non-Purgeable Organic Carbon (NPOC)
Method. ' o
Preservation : The sample should be stored in a dark side the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
Standard : Heat potassium potassium hydrogen phthalate at 120°C for about an
hour, allow it to cool in a desiccator, take its 2.125 g, dissolve it in
water and transfer it in a 1000 ml volumeltric flask. Add water up to
lh(; marked line. This concentration is 1000mg/l.
Calibration : Make the standards for working curve step by step. Carry out the
same procedure as the sample, and plot the relation curve between

the amount of TOC and its signal.

A43  Detection limit (NPOC method) : 0.1 mg/l
Detection limit is above 0.1 mg/l by NPOC method using the equipment described in A.4.4.



@

A4.4  Remarks
1) Measuring conditions for Shimadzu TOC Analyzer, model TOC-50050A and ASIE-5000A
are shown as follows:

Combustion temperature of furnace : 680°C

Carrier gas ' : high purity air, 5-6 kg/em?2,-150 ml/min
Sparging 1 2mol/l - HC1 15 ml/min, during 3 to'S min
Injection volume of sample 2 17l

Repeat times ¢ 3to5times



AS SS (Suspended Solid)

AS5.1  Scope and Application
Gravimetric Method is used to determine the amount of suspended matler in seawater, fresh

water and industrial water, (Reference: A Practical Handbook of Seawater Anatysis and
JIS K0102-14) '

A5.2  Summary of Method
The filtration procedure using glass fiber filter is used for measuring, Filtrate the sample, dry
the substance remaining on the filtering material at 105 to 110°C and then measure the mass.
Preservation : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
Calculation : [is calculation js as follows:

SS(mgfl) = (a-b) x -1%’9

a: mass of filtering material containing suspended matter (mg)
b: mass of filtering material (mg)

V: sample volume (mi)

A5.3  Detection Limit: 0.1 mg/l

Detection Limit: 1 mg/l when maximum samplc amount is 2 /.

A.5.4 Remark
1) Filters should be weighed before using the following procedure:
e Dry afilter in an oven at about 105 to 110°C for an hour,
o Cool in desiccator, and
s Weigh it.
2) Use glass fiber filter or organic membrane filter, with a pore diameter of 1 pm. The
common filter has a diameter of 47 mm and is easy 1o use,
3) Remove particles larger than 2 mm,
4) Filtrate the total volume of sample, which is dealt out from the sample botlle.

5) Wash the filter three times with 2 to 5 mi of water.



Flowchart of SS (Suspended Solid) Measurement by Gravimetric Method

‘Set filter "2
Wet the fiiter
with water

!

Sample 100 mito 2 /¥ - Over 2 mg as suspended solid

Y
Filtrate
a4

h 4
Rinse ¥

l&

Dry the filter |—— At 105 to 110°C, 1 hour

v.
Cool —— Inadesiccator

Weigh
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A6 NH;-N (Ammonium Nitrogen)

A.6.1  Scope and Application
The Indophemol Blue Absorptiometry Method outlined in “A Practical Handbook of
Seawater Analysis” is adopted. This method is highly sensitive and can be used for scawaler

and freshwater analysis. (Reference: PHSA 11.9)

A.0.2  Summary of Method
Under the coexistence of hypochlorite ion, make ammonium ion react with phenol to produce
indophenol blue. By .measur.ing the absorbance of indophend! blue, ammonium ion is
determined.
The sample can be taken together other nutricnt samples; it should be kept in a cool
environment.
Preservation : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
Standard : Dry ammonium chloride in a desiccator, which keeps magnesium
perchlorate (for drying) for 16 hours or. longer. Weigh 3.82 g,
dissolve it in water and transfer it in a 1000-ml volumetric flask,
Add water up to the marked line. This concentration is 1000 mg/i.
Calibration : Make the standards for working curve step by step including blank
water. Carry out the same procedure as the sample, and plot the
relation curve between the amounlr of ammonium ion and its

absorbance,

A.6.3  Detection limit
Detection limit is 0.007 mg/l on condition that a 5-cm cell is used. If the concentration of the

sample is high, usc a 1-cm or 2-cm cell.

A.6.4 Remarks

1) Use filirated sample with glass fiber filter (pore size = 1 ¢ m).

2) To get 10% phenol solution, dilute 20 g of phenol with 200 ml of ethyl alcohol.

3) Prepare 0.5% sodium nitroprusside before analysis.

4)  As for oxidizing solution, first prepare the alkaline reagent. Dilute 100g of sodium citrate
and 5g of sodium hydroxide with pure water and make up to S00 ml, Next, mix 100 ml

of alkaline solution and 25 ml of sodium hydrochlorite.
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5) The reaction requires a full 60 minutes for completion. The color produced is then stable

for at least 24 hours.
6) Some aromalic amine cause disturbance because of the coloring promu,ed by

llypochlorltc during oxidation. In this case, this disturbance should be eliminated by

distillation proccdurcs.

Flowchart of NHs-N (Ammonium Nitrogen) Measurement by
Indophemol Blue Absorptiometry

Sample " 50ml [~ Use long test tube
Containing above 0.2 mg/!

< 10 % phenol solution2ml?
< 0.5 % sodium mtroprusswle 2ml®
< Oxldnzmg soiuuon 5mi?

Keepstate |——> lhour

Measure [—> Wave length : 640nm
: "Use 6 cm cell :
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A NO,-N (Nitrite Nitrogen)

A.7.1  Scope and Application

Naphthylethylenediantine Absorptiometry Method is uscd to determine the amount of
nitrite in scawater, brackish water and fresh water. (Reference: PHSA 11,7, JIS K 0102 43.1,
EPA 354.1) '

A7.2.  Summary of Method
The diazonium compound formed by diazotation of 'sulfanila_midc by nilrite in water under
acid conditions is coupled with N-(l-naph'thyl) ethylenediamine dihydrochloride to produce a
reddish-purple color which is read in a spectrophotometer at 540 nm.
The sample can be taken together with other nutrient samples; it should be kept in a cool
place. - |
Preservation : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
Standard . Heat sodium nitrite at 105 to 110°C for about 4 hours, allow it to
coo} in a desiccator, obtain the purity of sodium niirite, weigh 7.39
g of sodium nilrite, dissolve it in water and transfer it in a 1000-ml
volumetric flask. Add water up to the marked line. This
concentration is 1000 mg/l. ’
Calibration : Make the sland.ards for working curve step by step. Carry out the
same procedure as the sample, and plot the relation curve belween
the amount of nitritc and its absorption,

A7.3. Detection Limit
Detection limit (DL) is 0.002 mg/l on condition that a 5-cm cell is used. This value, however,

depends on the conditions of analysis and equipment. So check DL before the analysis.

A74 Remarks

1) Use filtrated sample with glass fiber filter (pore size = 1 g m}).

2) Dilute 5 g of 4-aminobenzene sulfonamide with 50 ml of hydrochloric acid and make 500
ml with distilled water. ‘ |

Flowchart of NO,-N (Nitrite Nitrogen) Measurement by
Naphthylethylenediamine Absorptiometry

1 Sample ¥ 25ml |____Conlaining above 0.2 mg/

< 5% 4-aminobenzene sulfonamide solution 2 ml @
< 0.1 % N-1-naphthylethylene 2 ml

A

Keepstate | ___30 minutes Measure YJV::; fr?ugg;u: 540nm

______[_.;u,_.__J
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A8 NO;»-N (Nitrate Nitrogen)

A8.1. Scope and Application

Naphthylcthylenediamine Absorptiometry after Cd-Cu Column Reduction is a method used
for nitrite measurement in seawater, brackish water and fresh water. (Reference: PIISA 11.6,
JIS K 0102 43.2, EPA 353.3)

A8.2 Summary of Method

Sample is passed through a column containing granulated copper-cadmium to reduce nitrate
to nitrite. The nitrite (the originally present.plus reduced nitrate) is determined by diazotizing
with sulfanilamide and coupling with N-{1-naphthyl)-ethylenediamine dihydrochloride to
form a highly colored azo dye which is measured spectrophotometrically. Separate, rather
than combined nitrate-nitrite; values are then readily obtained by carrying out the procedure
first with, and then without, the Cu-Cd reduction steps.

The sample can be taken together with othér nutrient samples, and should be kept in a cool
place.

Preservation : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.

Standard : Heat potassium nitrate at 105 to 110°C for about three hours, allow

_il.to cool in a desiccator, obtain the purily of sodium nilrite, weigh
11.77 g of potassium nitrate, dissolve it in water and transfer it in a
1000 ml volumetric flask: And add water up fo the marked line, This
concentration is 1000mg/l. ‘

Calibration : Make blank watef and 0.2 mg/l of nitrate standards. Carry out the
same procedure as the samnple, and calculate Factor (concentration
of nitratefabsorbance) by each Cd-Cu column. The  total
concentration of nitrate and nilrite is calculated by the following
formula:

Total nitrate and nitrite concentration = Sample Absorbance * Facior

And so the concentration of nitfate is calculated by sublracting
nitritc concentration from total concentration.
On the other hand, in calculating reduction rate, do not use the

columi with a reduction rate above 80%.
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AB3 Detection Limit

Detection limit (DL) is 0.01 mg/l on condition that a 1-cm cell is used. This value, however,

depends on the conditions of analysis and equipment. So check DL before the analysis.

A84 Remark

1)

2
3)

4)

5)

Before Cd-Cu column is used, it should be in good condilion and the reduction rate

should be checked by the following procedure:

¢ Insert a glass wool plug into the bottom of the reduction column and fill with
distilled water.

e Add sufficient copper-cadmium granules to produce a column 18.5 cm in length.

e - Maintain a level of distilled water above the copper-cadmivm granules to climinate
entrapment of air, '

»  Wash the column with 200 ml of washing solution 3,

e The column is then activated by passing through the column 100 ml of 0.2 mg/l
nilrate standard with 10 ml of NH,CI-NHj solution.

s  Use a flow rate between 7 and 10 ml per minute.

e Make 0.2 mg/l of nilrate standard solution and the same condéntration of nitrite

- standard solution. '

s Reduce NO; standard solution with Cu-Cd column by analysis for nitrate.

o Color the above solution and nilrite standard solution by a color reagent for analysis
of nitrite.

e Calculate reduction rate using the following ¢quation:

(100-DO) ,
100 (8

Use filtrated sample with glass fiber filter (pore size = 1 ¢ m).

DryWeight : D1 = W0x

Dilute 100 g of ammonium chloride with distilled water, add 70 ml of ammonium

- hydrate, and make up to 1000 ml with distilled water.

Dilute 5 g of 4-aminobenzene sulfonamide with 50 ml of hydrochloric acid and make up
to 500 ml with distitlatcd water. -

Refresh Cd-Cu column cvery 3 to 5 samples passing the column through a prepared
solution. Diluting NH;CI-NH; sotution with distilled. water 10 times makes the washing

solution.



Flowchart of NO;-N (Nitrate Nitrogen) Measurement by
Naphthylethylenediamine Absorptiometry after Cd-Cu Column Reduction

1) Making and refreshing of Cd-Cu column

Cdgranules [ 40 — 60 mesh

- (MCB
- Reagents)
< Acetong

Wash

Rinse +—— With water

l < 2 N HCI
Wash
Rinse [—— With water

l < (1450) HNO,

Wash '

Rinse | With water
: l <2 NHCl
’ _Wash_‘ Check pH

~ If water is neutralized,
it hecomes hirhid

* 2 % CuSO, 100ml

Swirl [ For 5 minutes or until blue
color partially fades, decant

- and repeat with fresh copper
sulfate until a brown colloidal
precipitate forms.

Transfer to column " | See figure 8.1

v

'Check the Reduction Rate




Unit: mm
(A} Copper-tadmium column B) Cylinder-type dropping funnel

R 1377:1 l ’I o | 453728

=
<

220

1970

ol

" ' .
] V\e

isis

i, by - glass wool
G 1 copper-cadmivm packing
D : column packing liguid
E : dnpwiy cock

Figure A.1 An Example of Cd-Cu Column

2) Measurement

' Containing above 0.2 mgfi
I.Sample 50 ml 1 Treat pH between 7 to 9

| < NH,CI-NHj, solution 5 ml ?

Pass through the column |—— Dropping speed is about 10 ml/min.
Pass through 3 times.

10 ml of 1st and 2nd pass is wasted due
to washing of column and flask for
feceiving reduced sample.

25 ml of 3rd pass is used for analysis.

Reduced sam_p!e 25 m|

< 5% 4-aminobenzene sulfonamide solution 2 mt #
< 0.1 % N-1-naphthylethylene 2 ml

Keep state _ 30 minutes
Measure Wave length : 540nm
Use 1 cm cell




A9 T-N (Total Nitrogen)

A.9.1 Scope and Application
Alkaline Decomposition, Cd-Cu Column Reduction Method is uscd to determine the

amouni of nitrite in scawater, brackish water and fresh water. (Reference: JIS K 0102 45.4)

A9.2 Summary of Mcthod

Add alkaline solution of potassium peroxidisulfate in sample, and heat it at about 120°C so as
to change nitrogen compounds into nitrate ion and to decompose organic matter. Reduce
nifrate ion in this solution to nitritc ion wvsing Cd-Cu column. Determine it using a
naphthylethylenediamine absorptiometry, and find the concentration of total nitrogen. This
method is applicable to samples that do not contain much organic matter and easily
decompose

The method of treatment of Cd-Cu column is same as thal in analysis of nilrate nitrogen.

Preservation: The sample should be stored in a dark side of the boat and the
lemperature kept at 4°C.

Standard  : Same method of nitrate nitrogen. See [8]

Calibration : The procedures for measuring concentration of giccomposcd sample
are same as that for nitrate nitrogen. Final result can be calculated
with the following formula :

Vi
T-N ) = (Abs -BL) % Fx-—-
{mg/l) = (Abs ) % XVO

Abs : Absorbance of sample
BL : Absorbance of blank water
F  : Factor by each columin
(nitrate concentration / its absorbance)
VO : Sample volume (ml)

V1 : Fixed volume after decomposition (ml)

A.9.3  Detection Limit _ o
Detection limit (DL) is 0.01 mg/l on condition that a 1-cm cell is used. This value, however,

depends on the conditions of analysis and equipment. So check DL before the analysis.
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A94 Remarks

1)

2)

3)

4)

Dilute 40 g of sodium hydroxide with distilled water, add I5 g of potassium

peroxidisulfate and make vp to 500 ml. The concentration of nitrogen in this sample

should be above 0.4 mg/1.- This reagent should be made just before analysis and kept in a

cool dark place.

Dilute 100 g of ammonium chloride with distilled water, add 70 m! of ammoniuvm

hydrate, and make up to 1000 ml with distilled water.

Sometimes, after freshwater sample has decomposed, it makes colloid of silicon, and

stops up the Cd-Cu column. In this case, dilute the decomposed sample with a large

volume flask.

to 500 ml with distillated water.

~ Flowchart of T-N (Total Nitrogen) by
Alkaline Decomposition, Cd-Cu Column Reduction Method

— Alkaline reagent 10 m§ "
L 4

Decompose |—— About 120 1 houf

y
‘Cool

— (1+10) HCH1om)

L 4
Filtrate

—NH,CLNH; solution 10 m1 ?

Yy

L 4

r

Reduced sample 25 ml

— &% 4-aminobenzene sulfonamide
sofution 2 mi *
— 0.1 % N-1-paphthylethylene 2 mi

Use No.41 fiter and s0 on

Sample 50 mi Use 100 m! of glass bollle with screw cap,
: This bottle should ba closed completaly.

Make up |— Use 100 to 250 ml of volumetric flask ®

if a volumeldc flask with volume largef than 100
ml is used, add NH,Cl-NH; solution to make the
amount of the final solution 10 mf per 100 ml.

Pass through the column  |-—— Dropping speed is about 10 mimin.
Pass through 3 times.

10 m! of 1st and 2nd pass is wasted due to
washing the column and flask for receiving
reduced sample,

25 ml of 3rd pass is used for analysis.

\ _"Keep state

——30 minutes

A-18
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Measure

—Wave length

Use 1 cin cell

‘Dilute S g of 4-aminobenzene sulfonamide with 50 m! of hydrochloiic acid and make up

: 540nm



A.10  PO4-P (Phosphate Phosphorus)

A10.1 Scopc and Apphcauon

The Molybdenum Blue Absorptlomctry Methods determine specific forms of phosphorus
in drinking, surface and s_alme waters, domestic and industrial wastes.

Thc methods are based on reaclions .lhat arc specific to orthophosphate ion. Thus, depending
on the prescribed prelreatment of thc samplc various forms may be determined. (Reference:
JIS K0102 46.1, PHSAII. 2)

A10.2 Summary of Method _
Reduce the heteropoly compound whlch conics from the reaction between phosphate ion and
mmomum molybdate plus potassnum tartratoantimonate (IlI}, by L(+)-ascorbic acid.
Measurc the absorbance caused by issued molybdenum blue to determine phosphate ion.
Preservation : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C,; it should be analyzed as soon as possible.
Standard : Heat potassium dihydrogenphosphate (for pH standard) at about
-105°C for about two hours, allow it to cool in a desiccator, weigh -
6.30 g of pdlaés!'ilum dihydrogéhph:dsphatc, dissolve it in water and
~ transfer it in a 1QOO ml volumetric flask. Add water up to the
| marked line. This concentration is IDOOfng/l.
Calibration : Make the standards, for working curve step by step. Carry out the
same procedure as the sample, and plot the relation curve between

the amount of phosphate and its absorbance.

A.10.3 Detection Limit
Detection limit (DL) is 0.003 mg/l on condition that a 5-cm celt is use. This value, however,

depends on the conditions of analysis'éﬁd equipiﬁenl, So check DL before the analysis.

A.104 Remarks

1} Use filtrated sample with glass fiber filter (pore size = 1 y m).

2) Make the fbilowin g reagents. |
Ascorbic acid solution : Dissolve 7.2 g of L (+)-ascorbic acid in water 10 make
| 100 ml. Preserve it in a dark place at 0 to 10°C. Do not

use colored solution,
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Ammoniuvm molybdate solution

Mixed solution

: Dissolve 6 g of hexaammonium heptamolybdate

tetrahydrate and 0.24 g of bis[(+)-tarr{rato]diantimonate
(1) dipotassium trihydrate in about 300 ml of watcr.
Add 120 ml of sulfuric acid (2+1) and water to make
500 ml.

If the existence of several grams of nitrate ion or 0.25
mg of nilritc ion results in rapid discoloring of the
molybdenum blue 15 minutes after adding the reagent. or
morc cocxistence of them impedes the maximum
coloring of molybdenum blue, add 5 g of ammonium

amidosulfate in this ammonium molybdate solution.

: Mix ammonium molybdate solution and ascorbic acid

solution with the volumetric ratio of 5 : 1. Prepare it

when it is needed. :

Flowchart of PO,-P {Phosphate Phosphorus) Measurement
by Molybdenum Blue Absorptiometry)

Sample 25 ml » |-—— Containing above 0.2 mg/l

< Mixed solution 2 2 m|

Keep state

L 15 minutes

)

Measure

———— Wave length : 880 nm

Use b cm cell
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A.11  T-P (Total Phosphorus)

A.11.1  Scope and Application
Potassinm Peroxodisulfate Decomposition Method is used to determine the amount of

nilrite in seawater, brackish water and fresh water. (Reference: JIS K 0102 46.3)

A.11.2 Summary of Mcthod
Add potassium peroxodisulfate in the sample, heat in high-pressure stcam sterilizer to
decomposc organic matter and so on. Determine phosphate ion in this solution, and obtain the
concentration of total phosphorus.
Preservation : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C,
Standard : Same method of phosphate phosphorus is used. Sce [10]
Calibration : Make the standards for working curve step by step. Carry out the
same procedure as the sample, and plot the relation curve between

the amount of phosphate and its absorbance.

A.11.3 Detection Limit
Delection limit (D1} is 0.003 mg/l on condition that a 5-cm cell is used. This value, however,

depends on the conditions of analysis and equipment. So check DL before the analysis.

A.1l4 Remarks

1) If sample contains chloride ion, the chlorine likely to be issued may disturb the coloring
of molybdenum blue, therefore add 1 ml of sodium hydrogensulfite solution into the
solution which has been decomposed. W

2) If lurbidity is found in supernatant, filtrate it through filter paper No.41 or glass fiber
filter with 1 g2 m or less pore diameter. '

3) Make the following reagents.
Ascorbic acid solution : Dissolve 7.2 g of 1(+)-ascorbic acid in water to make 100 ml.

Preserve it in a dark place at 0 to 10°C. Do not use colored

solulion.
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Ammonium molybdate solution : Dissolve 6g of hexaammonium  heptamolybdate
tctrahydrate  and 024g of  bis [(+)-fartrato]
diantimonate (II1) dipotassium trihydrate in about 300
ml of water, add 120 ml of sulfuric acid (2+1), and add
water to make 500 ml,
If the existence of several grams of nitrate ion or 0.25
mg of nilrite ion results in rapid discoloring of the
molybdenum blue 15 minutes after adding the reagent.
or more coexistence of them impedes the maximum
coloring of molybdenum blue, add 5 g of ammonium

amidosulfate in this ammonium molybdate solution.

Mixed solution ' - : Mix ammonium molybdate solution and ascorbic acid
solufion with the volumetric ratio of 5 : 1. Prepare it

when it is needed.

Fiowchart of T—P (Total Phosphorus) Measurement by
Potassium Peroxodisulfate Decomposition Method

Sample 50 ml |—Containing above 1 mg/l A
. Use 100 m! of giass bottle with screw cap.
This botlle should be closed completely. -

FreatpH between7t0 9
—-40 gl K:5;,05 10m|
Y
[ Decompose —-—About 120 *, 1 hour

v
Cool

— 5001 NaHSO; (N2,503) tm1 ¥

\ 4
Take decomposed sample * 25 m! into flask

— Mixed solution ?.2 ml

Y

Keepstate I 15 minutes

l Wave length : 880 nm
Measure -———Use 1 cm or 5 ¢ cell
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A. 12 Chlorophyll-a

A.12.1 Scope and Application
Spectrophotometric Method is used to measure the: amount of chlorophyll and total

carotenoids in scawater and fresh water. (Reference: PHSA 1V.3-1)

A.12.2 Suminary of Mcthod
The larger zooplankton are removed by straining scawater samples through a nylon net of
about 0.3 mm mesh size and then the phytoplankton are filtcred using a Millipore AA filler or
a glass filter (Whatman GFC). Pigments are extracted from the alga cells for estimation
spectrophotomeirically.
Preservation : The sample should be stored in a dark side_ of the boat and the
i -leﬁlp'cralurc kept at 4°C; ii should be fillratéd as soon as possible.
Standard : This method uses the relation between wavelength and absorbance
by Jeffrey and Humphrey (1975), which was verified as the best
.method by UNESCO in 1980. o
Calibration : Calculate the concentration of chiorophyli and total carotenocids in a

sample from the following cquation.
Pigment (ug/l) = Cx V x ‘Li

C: a value obtained from the following equalions
V: the sample volume(l)

v: acetone solution volume cxlréciéd (ml)

L: light path of spectrophotometer cell

C (chlorophyll-a)=11.6E665-1.31E645-0.14E630
C (chlorophyll-b)=20.7E645-4.34E665-4.42E630
C (chlorophyll-¢)=55E630-4.64E665-16.3E645
C (plant carotenoids)=4.0E480

A.12.3 Delection Limit

Detection Limit is 0.1 g g/! in case of filtrating a maximum 2 / of sample.
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A.12.4 Rcmarks

)

2)
3)

Do not wash the filter with water after the sample is filtrated, because the cell membrane
of phytoplankton may break due to change of osmotic pressure.
Filtcred fibers of sample water are able to store for 2-3 weeks below —20°C.

It can be kept in a freezer below — 20°C

Flowchart of Chlorophyll-a Measurement by Spectrophotometric Method

Sample 100 mlto 2 /

Fitrate @ L Use 47 mm in diameter of glass fiber filter.
l It can be used a filter for filtration for nutrients.

Transfer the filter |——— Use 10 to 15 mi of test
tube

< 90% acetone 10 ml

Keep state  }—— 4 hours®
Centrifuge +—— 2,000 to 3,000 rpfn
l _ for 20 minutes.
Measure _ . N
with spectrophotometer | Use 1 ¢m or 5 cm cell




A. 13  ‘Total Coliform and Fecal Coliform

A.13.1 Scope and Application

Membrane Methed is used to determine the presence of a member of a coliform groﬁp in
waslewater and ground water and so on. (Reference: “Standard Method for the Examination
of Water and Wastewater” 922A and 922D)

A.13.2 Summary of Method
Coliform group bacleria, as indicated herein, are Gram’s stain ncgative sporeless batillus, that
is, acrobic or facultative anaerobic bacteria which can decompose lactose to generate acid and
gas.
Fecal coliform, on the other hand, is one the bacteria in the Escherichia coli group, which
generate gas or gather colony when being cultured on EC culture medium or M-FC culture
medium at (44.5£0.2°C for (24+2) houss.

Preservation : The sample should be stored in a dark side of the boat and the

temperature kept at 4°C; it should be measured as soon as possible.

A.13.3 Detection Limit

None.

A.13.4 Remarks

1) Dilute a sample with dilution water as sample contains colonics in the range of 30 to 300
in number. Coliform group will be obtained after cultivation.
Use either physiological saline solution or phosphate buffer solution (pH 7.2).
Physiological saline sotution is made by diluting 8.5 g of sodium chloride in 1000 ml of
water, and phosphatc bufter solution is made as follows:
Dilute 3.4 g of potassium dihydrogenphosphate in about 500 ml of water, drip 1 mol/l of
sodivm hydrdxide to make pH 7.2, then add carbonic acid free-water to make the total 1 1.
Take 1.25 ml of this solution, and add water to make the total 11.

Carry out the high-pressure steam sterilization for about 15 minutcs ahead.

*9) " Use membrane filter with 0:45 ¢ m in pore diameter. This filter and petri dishes should be

sterilized before use. The filter unit should also be sterilized before use.

A-25



3) Use m-Endo medium, and follow the steps below: -

e Dilute 4.8 g of m Endo Broth with 100 m! of distilled water. Add 2 m! of cthyl

alcohol.

¢ Setlle for 10 minutes and boil,

¢ Distribute in petri dish with absorbent cushions until it is completely humid in

sterilized conditions with Bunsen burner at high temperature.

4) Use m-FC mediun, and follow the steps below:

¢ Dilute 3.7 g of m-FC Broth.

¢ Add 1% of rosolic acid (in 0.2 mol/l of sodium hydroxide solution) until the color

changes to navy blue.

o Usc a burner to boil the acid.

5)- Remove the- filter with a pincette, and make it close adhere, with bacteria-cotlected

* -surface upward, on the culture medium in a petri dish. At this time, be ¢areful not to leave

air bubbles between the membrane and culture medium.

Flowchart of Total Coliform and Fecal Coliform Measurement by Membrane Method

Sample 10 to 100 m! !

Shake the sample bag .
vigorously for about 15 times

B 4
Fitrate | Use membrane filter 2
v \
(Total coliform) ¥ (Fecal coliform) ¥
. _ Y Y _
Put into petri dish ® Put into petri dish ¥
! ! |
Cuitivate Atd5°C, - | Cultivate = At 45°C;
l for 2{#12 hours T— for 24+2 hours
Measure Measure
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A.14  Hexane Extracts

A.14.1 Scope and Application
Gravimetric Methed includes the measurement of hexane extractable matier from surface

and saline water, and industrial and domestic wasles. (Reference: JIS K 0102 24)

A.14.2  Summary of Method ‘
The sample is acidified to a low pH (< 4) and serially ¢xlracted with hexane in a separator
funnel. The solvent is cvaporatcd from the extract and the residue weighed.
It is applicable to detcrmlmng relatively non-volatile hydrocarbons, vegetable oils, animal
fats, waxes, soaps, greases and related matter. But it is not applicable to measurement of light
hydrocarbons that becomes volatile at temperatures below 80°C.
Preservation: The sample should be Stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
Calibration : Hexane extraction can be calculated with the following formula :

HoxanExtract(mg/l) = (W1~ w0)x1000x3%{(’)_0

WO : Weight of aluminum cup (g)
W1 : Weight of exlracled sample with alummum cup (g)
VO : Sample volume (ml) '

A.14.3 Detection Limit '
Detection limit (DL) is 0.5 mg/l, however, this value depends on the accuracy of electric

balancer.

A.14.4. Remarks . o

1)} Extract 2000 ml of sanlplé at 1000 ml: cach. If sample contains much oil and grease,
reduce sample volume. 3 |

2) Rinsc sample bottle W1th hcxanc use a separator funnel to extract sample.

3) Some samples. may rcSult in generauon of emulsnon, or exhibit turbidity in hexane layer.
In such a case, sometimes il may be more effective to add sodium chloride. And after the
water layer is separated as perfectly as possiblc, add sodium sulfate. The layer will then
become clear. .

4) The aluminum cup should be weighed ahead after it has been dried for an hour at a

temperature of about 105°C.
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Flowchart of Hexane Extraction by Gravimetric Method

Sample 2000 ml 1) — 1000 ml separately funneled 4

— methyl orange 3 drops
— (1+1) HCluntil the color turns red

— Hexane 50 ml
Shake violently 2 minutes
Keep state  |— Until hexane layer separates from water layer.
Water layer Hexane layer |- Use 200 ml from funneled sample
Y.
Wash

L Until the color turns yellow.

with water &

Hexane fayer

Water layer

)

Dehydrate [— With Na2504
Concentrate {.... Use rotary evaporator
, Above 80 °C
Until sample volume becomes
. about 10 mt :
Dryup |}——— Use aluminum cup.
_First,-dry up on a hot plate above 80°C until .

Weigh

hexane almost entirely evaporates.
Next, move it into a dry ovén, keep for 1 hour -
above 80°C. o

Cool | ——In a desiccator
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A.15  Phenol

A.15.1 Scope and Application

Besides phenols, the 4-Aminoantipyrine Absorptiometry Method determines both phenol
derivatives having a substituent at its g-and m-position and polycyclic compounds having a
substitucnt of hydroxyl group, owing to generation of antipyrine coloring matter resulling
from the reaction with 4-aminoantipyrine. The phenol derivatives with substitute at its p-
position hardly react with 4-aminoantipyrine, so that it gives nearly no coloring. Kind,
posilion, and number of substituents influence the intensity of coloring by antipysenc.

In this test, the result shall be expressed in terms of phenol, comparing its coloring intensity

with that of phenol reference solution. (Reference: JIS K 0102 28.1, SMEWW 5530)

A.15.2 Summary of Method
The test of phenols shall be carried out using 4-amincantipyrine absorptiometry applied to the
sample which has been pretreated (distilling).
Conirol the pH of pretreated sample (distilling) at about 10, add solution of 4-amincantipyrine
and solution of poiassium hexacyanoferrate (111), then measure the absorbance of generated
red antipyrine coloring matter, and determine phenols.
Preservation: The sample should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
Standard  : Weigh 1.0 g of phenol, dissolve it in water and transfer it in a 1000
ml volumetric flask. And add water vp to the marked linc. This
concentration is 1000mg/i.
Calibration : Make the standards for working curve step by step. Carry out the
same procedure as the sample, and plot the relation curve between

the amount of phosphate and its absorbance.

A.15.3 Detection Limit
Delection fimit (IDL) is 0.001 mg/l.
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A15.4 Remarks

1)

2)

3)

4) .

5)

If distillate is turbid, add phosphoric acid (1+9) into the distillate again to make its pH
about 4. Add 2.5 ml of copper (I1I) sulfate solution, and carry out the distillation again.
Dissolve 67.5 g of ammonium chloride in 570 ml of ammonium hydroxide, .and add
water to make the total 11,

Use this prepared solution even uatil a week, but if its color turns dark red, do not use the
solution anymore.

Prepare when iodine is needed.

If the coloring is strong enough to measure, the following procedure may be omitted, and

‘test can be measured,
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Flowchart of Phenols Analysis by 4-Aminoantipyrine Absorptiometry

1)  Distillation

' tSamp!e 250 mAIJ '

— several drops of methyl orange
— (1+9) H3P04 pHis about 4

Distifl
Cool
l — Water 25 mi
1 pistill ® }— Until the distillate in the measuring
cylinder reaches 250 ml
2)  Measurement
Distilled sample 100 ml ——— Above 500 x g as phenol

‘Use separatsly funneled

~ Buffér solution 3 ml (pH is about 10).
— 20°g/l 4-aminoantipyrine solution 2 mi

~ 90 g/l potassium hexacyanofeirate {Il}) solution 2 mi

|

Chloroform layer

A3

Measure

Keep state —— 3 minutes J’
— Chloroform 10 ml S l
Shake vigorously —— 4 minute Water layer
Y Wavelength' : .46'0 nm
Keep state Use 1 cm or 5 ¢m cell




A. 16 Cyanide

A.16.1 Scope and Application
Heating Distillation- 4-Pyridine Carboxylic Acid-Pyrazolone Absorptiometry Method
determines total cyanide content in drinking, surface and saline water, and domesiic and

indusltrial waters. (Reference: JIS K 0102-38)

A.16.2 Summary of Mcthod
1) Pretreatment {(total cyanide: hydrogen cyanide issues at pH2 or less)
Add phosphoric acid to sample to make its pH 2 or less, add ethylene diamine tetraacetic acid
dihydrogen disodium salts, distill it on heating, and catch generaled hydrogen cyanide in
sodium hydroxide solution.
2) 4-Pyridine Carboxylic Acid - Pyrazolone Absorpliometry
Take a part of cyanide solution which has been pretreated, neutralize it with acetic acid, make
it cyanogen chloride by adding chloramine T soiution, add 4-pyridine carboxylic acid -
pyrazolone solution, measure the absorbance made by blue just produced. Thus cyanide iron
is determined.
Preservation : The sample‘should be stored in a dark side of the boat and the
temperature _ke'pt at 4°C; it should be.analyzed as-ré(.)o_n as possible.
Standard : Dissolve 0.63 g of potassidm cyénidc ina little water, add 2.5 ml of
sodium hydroxide solution (20 g/1) and add water to make 250 ml,
This concentration is 1000mg/l. Factor of this solution should be
measured by titration method using 0.1 mol/l of silver nitrate.
Calibration : Make the standards for working curve step by slep including blank
water. Carry out the same procedure as the sample, and plbt the
relatiqn curve between the amount of éyénfde l'.i(')n and ils

absorbance.

A.lﬁS Detection Limit

Detection Limit is 0.05 mg/l using S cm of celt and using 300 ml of sample amount,
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A.16.4 Remarks

1)

2)

3)

4)

5)

6)
7

Ammonium amidosulfate solution(100g/1) shalt be added in order to remove the
disturbance by nitrite ion in the sample. When there is no addition, nitrite ion produces
hydrogen cyanide after reaction with EDTA during heating for distillation. 1 mi of
ammonium amidosulfate solution is equivalent to about 40 mg of nitrite ion. When 40 mg
or more of nitrite ion exist, the amount to be added shall be increased according to its
amount.

Disconnect the condenser and back-flow stopper, wash the inside tube of the condenser
and both sides of the back-flow stopper with a little water, put the washing in the receiver,
and add water up to the marked line of 100 ml.

Pretreated cyanide ion solution has a pH value of about 13, and the quantity of acetic acid.
(148) needed to neutralize 10 ml of the above solution is about 0.5 ml, therefore adding
10 ml of phosphate buffer sotution (pH 6.8) into this solution makes its pH 6.8. The pH
for coloring should be in the range from 5 to 8. -

Dissolve 0.3g of 3-methyl-1-phenyl-5-pyrazolone in 20 ml of N, N-dimcthylformamide.
Separately, dissolve 1.5 g of 4-pyridine carboxylic acid in about 20 ml of sodium
hydroxide solution (40 g/1) and drip hydrochloric acid (1+10) to make its pH about 7. Put
both solutions together, and add water to make 1000 ml. Preserve this solution in a dark
place at 10°C or lower, but the sotufion should not be used after 20 days.

Temperature of 20°C or less gives insufficient color; 30°C or higher accelerates coloring
but it fades rapidly.

The coloriné achieved under this condition lasts for about 1 hr after.

Distilling apparatus is shown in Figure A.2.

ot k2 tHie; ¥arLe

i

Figure A.2
Example of Dislillation
Unit for Cyanide Analysis
- 308 = er 1000 d rmact- € greusdoxk
tomed Crk ik © trap barb ARz tyge) BEATIR =

e oo et 0

Fir N Mo orebbee Tabe
B nnn.f:(.e| Fpd Witk side em 1+ batecchen gesble provad jeiat
= Snjecticg Renod L=ty

JIS Type EPA Type
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Flowchart of Total Cyanide Measurement
. by Heating Distillation- 4-Pyridine Carboxylic Acid - Pyrazolone Absorptiometry
1)  Distillation

Sample 300 to 500m| In a 1600-ml distilling fiask

— Place about 10 pieces of boiling tips
~ A few drops of phenolphthalein

| in case of being alkaline, drip phosphoric
acid until the color of solution disappears.

Neutralize

—100g/l ammonium amidosuifate solution 1 m1 "

Connect a distilting flask - Use a 100-ml measuring cylinder (with
—— stopper) as a receiver, put 20 m! of
sodium hydroxide solution (20 g/} into it.

-~ 10 mt phosphoric acid '
- 10 m! EDTA solution ""“1

: Y ) : L Distil . . Control distilling rate to
Keepstate |- For several minutes. 2 to 3 mifmin, and distili
S - ' until  amourit of the

liquid  .in receiver

‘becomes about 90 ml.

Finish distillation 2
2)  Measurement l

Sample 10 ml Make Qp "

— 1 drop of phenolphthalein solution -

— Drip (1+8) of acetic acid until reddish
color of solution fades away.

~ 10 m! phosphate buffer solution(pH6.8) ¥

— 10g/l chloramine T solution 25 m!.

i
"Keep state' | - For 5 minutes. -

* 4-Pyridine Carboxylic Acidi10 ml .

h 4

Keep state —— Into water bath at 2512 °C
For 30 minutes %

h 4

Measure |—— Waveléength : 620 nm
Use 5 ¢m cell
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A 17 Cr (Chromium)

A.17.1. Scope and Application _
Diphenylcarbazide Absorptiometry Method is used to determine the concentration of total
chromium in water. (Reference: JIS K 0102 65.1.1)

A.17.2 Summary of Method

~ Mix oxidized chromivm "(lII) with chromium (V1) potassium permanganate, add 1,5-

diphenylcarbonohydrazide (diphenylcarbazide), and measure the absorbance of generated
reddish violet complex, for determination of total chromium. ' _
Preservation : The sample should be stored in a dark side of the boat and the
temperature kcpt art_ 4°C.
Standard : Heat potassium dichromate at 150°C for about an hour, allow it to
- cobl in a desiccator, obtain the purity of sodium nilrite, weigh 2.83
' g of;potassium dichromate which is its 100% volume, dissolve it in
water and transfer it in a 1000 ml volumetric flask. Add water up to
the marked line. This concentration is 1000mg/l.
Calibration : Make the standards for working curve step by step. Carry out the
same procedure as the'_s;amplé, and plot the relation curve belween

the amount of phosphate and its absorbance.

A:17.3 Detection Limit " |
Detection limit (DL) is 0.003 mg/i on condition that use 5 cm cell. This value, however,

depends on the conditions of analysis and equipment. Check DL before analysis.

A17.4 Remarks

1) When there is not much organic matter and suspended solid in the sample, it may be
enough to boil with HCl and HNO; for decdinposition.

2) Boil for several minutes keeping red chor constant by dripping whenever red color is
about to disappear. . . ,— -

3) Dissolve 0.5 g of 1,5-diphenylcarbonohydrazide (diphenylcarbazide) in 25 m! of acetone,
and add water to make 50 ml. Preserve m a cool dark place; do not use after one week or
more frdﬁll‘pr_épafa'tion.‘) _' ‘

4) | Solutionftcmpcralﬁré ser.iously affects coIbﬂng so that il is important to keep it at about
15°C.

5) Maximum coloring is achieved 2 (o 3 minules; it is nearly constant at 5 to 15 minultes.
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Flowchart of Cr (Chromium) Measurement by Diphenylcarbazide Absorptiometry

1)  Pretreatment "

Sample 100 ml

- HCI 5 ml
— HNO3; 5 mi

Until amount of the
sample becomes
about 15 ml.

Boil |

Cootl -

Make up

2) Measurement

Sample 30 m|
~ (149} H,S0,;, 3 mi
Heat |—— Until white fume of sulfuric acid
¢ slightly evolves.
Cool }|—— Add water to make up to 30 ml.
v
Heat

- several drops of 3 g/l KMnO4 turn the
solution faint red.

Keep boiling ?

v

Cool

with running water

Transfer

200 gfi urea solution 10 ml

20 g/l sodium nitrite solution
several drops to put off red color in
solution

To 50 mi of volumetric flask

~10 gfl diphenylcarbazide 1m} ®

Make up

!

Keep state

L 5 minutes 9

!

Measure
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A18 Cr® (Hexavalent Chromium)

A.18.1 Scopc and Application
Diphenylcarbazide Absorptiometry Method is uscd to determine the concentration of
hexavalent chromium in water. (Reference: JIS K 0102 65.2.1, EPA 7190A)

A.18.2 Summary of Method
Add 1,5-diphenylcarbonohydrazide (diphenylcarbazide), and measure the absorbance of
generated reddish violet complex, to determine the amount of hexavalent chromium,
Preservalion : The sample should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible,
Standard : Same as method of total chromium. See [17].
Calibration : Make the standards for working curve step by step. Carry out the
same procedure as the sample, and plot the relation curve between

the amount of phosphate and its absorbance.

A.18.3 Detection Limit
Detection limit (DL) is 0.003 mg/l on condition that use 5 cm cell. This value, however,

depends on the conditions of analysis and equipment. Check DL before analysis.

A.18.4 Remarks

1) Use 40 g/l of NaOH or (1435) H;SO4.

2) This procedure is done in order to reduce chromiuvm (V1) to chromium (1i1), and expel
excess cthanol.

3) Dissolve 0.5 g of 1,5-diphenylcarbonohydrazide (diphenylcarbazide) in 25 ml of acetone,
and add water to make 50 ml. Preserve in a cool dark place; do not use after one week or
more from preparation.

4) Sample B is used as reference liguid.
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Flowchart of Cr ®* (Hexavalent Chromium) Measurement'by -

Diphenylcarbazide Absorptiometry

Sample A 30ml l Sample B 30mi
Neutralize " Neutralize

h 4

— Ethanol about 2 ml

l — (149) HS04 2.5 mi

Boil ?

v

Cool

< 10 g/l diphenylcarbazide 1ml>

Make up |—— 50 mlflask

4

M

ake up

i
Measure ¥
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A. 19 Hceavy Metals (Cd, Pb, Cu, Zn, Ni)

A.19.1 Scope and Application

In this manual, the process of extraction of heavy meltals in liquids is limited to Cd, Pb, Cu,
Zn and Ni. The method used is Atomic Absorption Spectrometry which measures Cd, Pb,
Cu, Zn and Ni in seawater, brackish water and fresh water. (Reference: JIS K 0102 52, 53, 4,
5 and 59, EPA METHOD 30104, 7131A, 7211, 7421, 7521, 7951)

A.19.2 Summary of Method

Sample waler is decomposed-with acid solution, such as hydrochloric acid or nitric acid. After
decomposing, extract heavy metals from disturbance matters such as salts. In this method,
liquid-liquid cxtraction method is used. Add diammonivm hydrogencitrate solution, ncutralize
the pH from 8.5 to 9 using pl meter or indicator. Add diethyldithiocarbamic acid sodium salt
solution (DDTC) and Butyl acetate, shake to exlract heavy metals. Dry up butyl acetate layer,
and decompose organic matter with nitric acid and perchloric acid. Dissolve the residue in
nitric acid (1415), and measure by atomic absorption spectromelry. Usually, graphite furnace
atomic absorption spectroscopy (GFAA) is used, however, if concentration of heavy metals is

high, flame atomic absorption spectroscopy (FLAA) can be used.

Preservation : Add 10 ml of nitric acid by each 2 / of sample, and keep in a dark
place.

Standard : Use the Standard for atomic absorption spectrometry.

Calibration : Make the standards for working curve step by step. Measure its
absorbance by atomic absorption spectrometry, and plot the

relation curve between the amount of phosphate and its absorbance.

A.193 Detection Limit
Detection limit (DL) by GFAA is shown in Table 1, which, however, depends on the

conditions of analysis and cquipment, So check DL before the analysis,
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Parameter Detection limit (DL) mg/il"ﬁ
Cd 0.0005
Pb 0.0003
Cu 0.0002
n 0.0005
Ni 0.0002

Condition : Use GFAA mcthod
Sample volume is 300ml, and concentrate to 10 ml

A.19.4 Remarks

1) If HNOj; is added upon taking the sample, this procedure is not necessary. .

2) pH meter can be used instead of pH indicator.

3) Firstadd 5 ml of (1+15) HNO3, dissolve the residue. Next add 5 ml of water, mix them.,

4) Usually as the concentration of heavy metals in seawater is low, GFAA method will be
used. The condition for measuring depends on the equipment used so that its condition

shall be checked before the sample is measured.

A-40



Flowchart of Heavy Metals Extraction by
Liquid -Liquid Extraction, Atomic Absorption Spectrometry

Sample 300 ml
— HNO; 5mL Y
Heat |——-Until amount of the sample becomes
¢ about 200 ml
Bojl |-——— 5 minutes
Cool
—{100g/L) Ammonium citrate dibasic 10mL
— 1g/L. Metacresol purple indicator one couple 2
AdjustpH |— (1+1) Ammonium hydrate
The color turns red to purple
h 4
Transfer ——- 300 ml of separately funnel
—100g/L DDTC 5mL
h 4
Agitate

l — Butyl acetate 10mL

Shake —— Vigorously, for 1 min.

Y
Keep state

@
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Butyl acetate layer Water tayer
" --Butyl acetate 10mL
! _
Shake | Vigorously, for 1 min,
h 4
Keep state
Butyl __gcetate layer - | Water fayer
Transfer +—— To beaker
Dry up
— HclO4 2mlL
Heat +— Almostdry

v

Make up | — (1+15)HNO; S m1 ™
¢ Water 5 ml

Measure 9 —— Wave length '
Cd: 228.8nm * Pb: 283.3nm
Cu:324.7nm * Zn : 213.9nm
Ni :232.0nm
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A.20 As (Arsenic)

A.20.1 Scope and Application
Atomic Absorption Method is a procedure to determine 1 ¢ g/L to 400 gg/L concentrations

of arsenic in wasles, mobility procedure extracts, soils, and water. (Reference: JIS K 0102
61.2, EPA METHOD 7062)

A.20.2 Summary of Method
Samples are preparcd according to the nitric acid digestion procedurc. Arsenic is reduced to
trivalent forms with potassium iodide. The trivalent arsenic is then converted to volatile
hydrides using hydrogen: produced from the reaction of the acidified sample with sodium
borohydride in a continuous-flow hydride generator.
The volatile hydrides arél swept into and decomposed in a heated quarfz cell located in the
optical path of an atomié absorption sbeclrophotomeier. The resulting absorption of the lamp
radiation is proportional to the arsenic or antimony concentration.
Preservation : The .s‘amplc should be stored in a dark side of the boat and the
temperature kept at 4°C; it should be analyzed as soon as possible.
“- I it is impossible to analyze it, add 10 ml of hydrochloric acid
every 2 I of sample, and keep in a dark place.
Standard : Use the Standard for atomic absorption specirometry.
Calibration : Make the standards for working curve step by step. Measure these
standards by atomic absorption spectrometry, and plot the relation

curve between lhe amount of phosphate and its absorbance.

A.20.3 Detection Limit
The typical detection limit for this method is (.001 mg/l. according to EPA METHOD 7062.

A.20.4 Remarks
1) Take 200 m! of sample into a beaker, add 5 ml of HCl. Heat enough not to boil and
concentrate until amount of the sample becomes above 100 ml. After cooling, make up to

100 ml with water.
2) In case there is a large amount of organic maiter, add 3 ml of perchloric acid instecad of

~ potassium permanganate. And heal il to generate white fumes, and decompose organic

matter,
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3)

4)

3)

3)

If the color of permanganate disappcars during heating, supplement 3 g/l of potassium
permanganate solution.

The existence of nitric acid prevents the generation of arsenic hydride, so the white fumes
of sulfuric acid should be generated enough to expel nitric acid.

The condition for genecrating arsenic hydride by sodium borohydride is influenced by the
type of an arsenic hydride gencrating apparatus.

An example of continuous-type hydride generator is shown in Figure A.3

A Pump -
Bi, B, : Mixing joint
C : Reactor pipe
D : Pressuré gauge

Sadium tatrahydro-
barate dslition

Ssmple A E : Flowmeter

Hydrochloric neld < ++ Hydride

{Potasgium jodide ~ o~ I —
solution)

S Wasts liquid

Figure A.3 Example of Continuous-type Hydride Generator



Flowchart of As (Arsenic) Measurement by Atomic Absorption Method using Hydride

Sample 100 ml |—— Containing 0.1to 1 #g as As "

— {1+1) H,S504 1 ml
— HNO; 2 ml
— 3 g/l KMnO, (Unti! solution gets color) ?

Y
3
Heat? | —— Generate white fumes of sulfuric acid ¥
Cool
= (1+1) HCl 4 ml
Heat |-—— Gently
Transfer —_ Into reactor vessel

—200 g Ki 2 ml

5)6)

Set hydride generator

!

Measure | Wave length: 193.7 nm
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A.21  Hg (Mercury)

A21.1 Scope and Application
Atomic Absorption Spectrometry by Reduction and Vaporization Method is a cold-vapor
atomic absorption procedure approved for determining the concentrations of mercury in

aqueous wasles, fresh water, saline water and-so_on. (Reference: JIS K 0102 66.1, EPA
METHOD 7470A)

A.21.2 Summary of Method
Pretreat sample using potassium permanganate, and reduce mercury (i) by tin (II) chioride.

Acrate this solution to gencrate mercury vapor, and measure ils atomic absorption at a

wavelength of 253.7 nim, to determine mercury.

Preservation : For every ! of sample, add 5 ml of sulfuric acid, and keep in a dark

place.
Standard : Use the Standard for atomic absorption spectrometry.
Calibration : Make the standards for working curve Slep .by step. Measure these

standards by atomic absorption spectrometry, and plot the relation

curve between the amount of phosphate and its absorbance.

A.21.3 Detection Limit

Detection limit (DL) is 0.0003 mg/l. This value, however, depends on the conditions of

analysis and equipment. So check DL before the analysis.

A21.4 Remarks

1) Ail reagents for analysis must not contain mercury.

2) In case there is no interfering substance such as organic matter, eliminate this procedure,
put the sample directly in a vessel for reduction, add 20 ml of sulfuric acid (1+1), and
nieasure.

3) When color by permanganate disappears, add bit by bit 50 g/l of potassium pérmanganatc
solution in order 1o keep the red color in the solution for about 15 minutes.

4) Because of the absorption 253.7 nm of light, the sample containing a lot of chloride ion,
e.g. scawaler and brackish water, causes a positive error, because chloride jon is oxidized
by potassium permanganate to produce chlorine. In this case, 10 ml of 80 g/ of

hydroxylammonium chloride solution should be added to completéiy reduce chlorine.
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5) Take 10 g of tin (II) chloride dihydrate, add 60 ml of sulfuric acid (1+20), dissolve it
while heating and agitating. After cooling, add water to make 100 ml. Do not use after
one week or more from preparation.

6) Ancxample of continuous-type vaporization generator is shown in Figure A4

At

* Vessed for reductien
: Dryleg tube

: Flawmeter

= Abscrption el

1 Alr pump

1 Betorder

: Mereury haliow fathede lamp
or meteury lamp

H: Detéztor of etomic absatplion
b spactrometer

1: Mercury eliminating devite

O =MD QW

Figure A4 Example of Continuous-type Vaporization Generator

Flowchart of Hg (Mercury) Measurement by
Atomic Absorption Spectrometry by Reduction and Vaporization)

Containing 0.1t02 'g as Hg

Sample 100to 150 mi
L Use 300 mi of flask or BOD bottie

~HNOSml
"L {141) H2S0, 20 )
— 50 gl KMnO, 15 mt#
L J
Keepstate }-——— 15 minutes ?

— 50 gN K505 15 ml

y
Heat in water bath |-——Aboul 95 °C, 2 hours

y
Cool

- 80 g/l NH;OHHCI 10 il (+10 mf} ¥

A ! '
Transfer p——Into a vessel for reduction |

— 100 g/l SnCL¥2H,0 ¥

o : : .

. Set reduction and Measure
vaporization system® -~ [T®|__

Wavé length : 253.7 nm_
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A.22  Alkyl-Hg

A.22.1 Scope and application
Gas Chromatography Method is used for seawater, freshwater, industrial water and
wastewater analyses. (Reference: JIS K 0102.66.2)

A.22.2 Summary of method

Extract alkylmercury (1T) compound in benzene, back-cxtract sclectively using L-2-amino-3-
mercaplopropionic acid (L.-cysteine), exlract again using benzene, and then usc a gas
chromatography equipped with an electron capture detector (ECD). Alkylmercury (II)
compound shall be determined by adopting ethylmercury (1) compound and methylmercury
(11) compounds among alkylmercury (II) compounds as the largét of measurement, and is
expressed as the amount of mercury.

Preservation : The sample should be stored in a dark place at 4°C and lower without
freezing; it should be analyzed as soon as possible.

Standard  : Weigh 0.125 g of mcthylmercury chloride, dissolve it in a little
benzene, transfer it in a 100-mt volumetric flask, and add benzene up to
the marked line. This concentration is 1000 mg/l.

Calibration : Make the standards for working curve step by stép. Carry out the same
procedure as the sample, and plot the relation curve between the amount

methylmercury and its peak arca,

A.22.3 Delection limit

Detection limit (DL) is 0.13 g g/l as methylmercury chloride. This value, however, depends

on the conditions of analysis and equipment. So check DL before the analysis.

A22.4 Remarks

1) Preparation of L-cysteine-sodium acetate mixed solution:
Dissolve 1 g of L-cysteine hydrochloride monohydrate, 0.8 g of sodium chloride, and
12.8 g of sodium sulfate acetate lrihyd}a{é, in water to make 100 ml. 1t gives no peaks in
the vicinity of anticipated retention time.

2) [In case a lot of inorganic mercury exists, if an electron capture dele_clor is_ used, the peak
by inorganic mercury may appear on the position of methlymercury. Be careful about

washing when this happens.
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Residual hydrochloric acid in the benzene layer causes incomplete back-extract of

alkylmercury owing to L-cysteine, so on repeat washing until neutrality shows.

3) The existence of moisture may causc abnormal peak when it is injected in a gas
chromatograph, so dehydrate using sodium sulfate, for instance.

4) Since hydrochloric acid is used during operations, c¢thylmercury (II) compound or
methylmercury (1) compound acts as ethylmercury (II) chloride or methylmercury (I1)
chloride.

5) When a sample contains a constituent interfering with benzene extraction of alkylmercury
(II) compound, add a definite amount of cthylmercury chloride or methylmercury
chloride reference solution, find the recovery rate, and correct the determined value.

Flowchart of alkyl-Hg Measurement by Gas Chromatography Method
500 ml
Sample 200 m! —separating l
funnel
—HCIl or NH3 Keep slate
. Y
Neutralize ¢ Y
Benzene layer Lower layer
— HCI (et avout 2 moly)
— Benzene 50 ml —20% NaCl 20 ml
— CuCl 100 mg | (About 3 to 5 times)
h 4 o mi h 4
Shake < Min- Shake — 2 minutes
Y A 4
Keep state Keep state
v Y @
Benzene layer Lower layer
Benzene 50 ml—
h 4
2iminutes — Shake
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®

v

—

Benzene layer r L.ower layer —l

L-cysteine mixed solution
8 ml

Shake

— 2 minutes

Y

Keep state

Y

v

Benzene layer Lower layer

HCI 2 ml —
Benzene 5 ml —

2 min, — Shake

!

Keep state
Y. v
Benzene layer Lower layer

l

Measure*' state _I

v

Check*®

l.-cysteine mixed
Solution 1 ml

Shake

— 2 minutes

*2

Keep state

]

Benzene layer || Lower layer

v

Measure*' state

-GG condition

Instrument; SHIMADZU GC-17A ver.3
Column; HR-Thermo-HG 0.53 mml.D.

x30ml - :

Carrier gas; 4.1 mli/min (N,)
Make-up of gas; 75 kPa,30 mi/min (N,)
Injection temperature; 200°C

Detector temperature; 220°C (ECD)
Oven temperature; 150°C
:If alkyl-mercury is found, extract using
L-cysteine mixed solution and then
measure.

If it is not the same peak, thenitis
Alkylmercury.



A.23 Carbon tetrachloride, Trichloroethylene, Tetrachlorocthylene

A.23.1 Scope and application
Solvent Extraction Gas Chromatography Method is uscd for seawaler, freshwater,

industrial water and wastewater analyses. (Reference: JIS K 0125.5.5, EPA METHODS80211B)

A.23.2 Summary and method

Extract carbon (etrachloride, (richloroethylene and tetrachloroethylene in hexane, and
determine their amounts using a gas chromatography cquipped with an electron caplure
detector (ECD). '

Preservation : The sample should be stored in a dark place at 4°C and lower without
freezing; it should be analyzed as soon as possible.

Standard : Place about 40 m! of hexanc into a 50 ml measuring flask, tightly closc
with a stopper, and measure its mass. Promptly add about 1.6 ml of carbon
tetrachloride, tightly close with a stopper, and measure its mass. Then, add

" hexane up to the marked line. The concentration of this solution shall be
calculated making use of mass difference before and after adding. ‘This
standard is 50 mg/ml of carbon tetrachloride reference solution.
Place about 40 ml of hexane into a 50-ml measuring flask, tightly close
with a stopper, and measure its mass. Promplly add about 1.8 ml of
trichloroethylene, tightly close with a stopper, and measure its mass.
Then, add hexane up to the marked line. The concentration of this solution
shall be calculated making use of mass difference before and after adding,
This standard is 50 mg/ml of trichloroethylene reference solution. Place
about 40ml of hexane into a 50-ml measuring flask, stopper it closely, and
'me‘asur'e its mass. Add promptly about 1.6 ml of tetrachloroethylene into

- ity tightly close with a stopper, and measure its mass. T hen, add hexane up

j to the marked line. The concentration of this solution shall be calculated

: making use of mass difference before and after adding. This standard is 50

— :mg/ml bf _tétrachloroelhyléne reference solution.

Calibration : Make the standards for working cuf’vcslé'p by step. Carry out the same
procedure as the sample, and plot the relation curve between the amount of
carbon tetrachloride, trichlorocthylene and tctrachlordcthylene, .and its

peak area.
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A.23.3 Detection limit

The detection limit are as follows: Carbon tetrachloride 12 p g/l, Trichloroethylene 15 e g/,

Tetrachiorocthylenc 15 p /1.

These valucs, however, depend on the conditions of analysis and equipment. So check DL

before the analysis.

A234 Remarks

1)

2)

3)

While sampling and storing sample, volatile organic compounds may change its
concentration owing to dissipation, evaporation and the like, so that full carc shall be
taken. Even when the concentration of volatile organic compound in sample is low,
storing sample in a dark place sometimes results in sudden decrease of its concentration,
where the stability of volatile organic compounds depends on the type of material,

The contamination by surroundings likely affecting this testing method is thought to
come from the air conditioning, so scrupulous measures are needed to avoid the
contamination, especially when the air conditioning has a circulating system.

The coexistence of a lot of mineral oils lowers the recovery rate of carbon tetrachloride,
irichloroethylene, and tetrachloroethylene, but concentrations of nearly 20 mg/l do not
cause a disturbance. _

The coexistence of sulfur compounds, such as methanethiol (methyl mercaptan),

dimethyl sulfide, dimethyl disulfide, does not also cause a disturbarice.

Flowchart of Carbon Tetrachloride, Trichloroethylene, Tetrachloroethylene Measurement by

Solvent Extraction Gas Chromatography Method

Sample 40 mi 50 ml measuring * 1. GC condition
cylinder "~ Instrument; SHIMADZU GC-17A ver.3
é n-Hexane 10 ml Column;SPB-624 Fused silica capillary
column 60 m X025 mm X .25 um
- Cartier gas;1.2 mifmin(N,)
Shake 1010 20 second o o imake-up; 75kPa, 30 mifmin{Ny)
* : - Injection temperature; 200°C
Detector temperature; 250 °G (ECD)
Keep state | 2 Oven program; 45 min (7 m1n)>120°C
l _ - l Lower layer | - 10 °C/min (12 min)

n-Hexane layer |

v

Measure*'
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A.24 PCB (Polychlorinated Biphenyl)

A.24.1 Scope and application

Gas Chromatography Method determines PCB content of scawater, fresh waier, industrial
water and wastewater. (Reference: JIS K 0093, EPA METIIOD 8082)

A.24.2 Summary of method

Extract PCB in hexane, decomposc using potassium hydroxide alcohol solution, remove

interfering matters in the silica gel column, and determine PCB using a gas chromatography

equipped with electron capture detector (ECD) or flame jonization detector (FID).

Preservation : The specimen shall be stored in a glass bottle and the total volume of

Standérd

Calibration

*

the sample shall be used for analytical test. The sample should stored in
a dark placc at 4°C and lower without freezing. It should be analyzed
as soon as possible.

Dissolve polychlorinated biphenyl standard compound in n-hexanc
solution, and make the density of 1 mg/l. As regards the selection of
standard compounds and the mixing ratios, the following combinations
can be considcréd, however, it is of polychlorinated biphenyl and the
mixing ratios are based on the experience of the operator for this test.
Aroclor 1016, Aroclor 1221, Aroclor 1232, Aroclor 1242, Aroclor
1248, Aroclorl254, Aroclor 1260, Aroclor 1016 + Aroclor 1221 +
Aroclor 1248 + Aroclor 1260 (1:1:1:1), Aroclor 1016 + Aroclor 1260
(1:1), Aroclor 1221 + Atoclor 1242 + Arocltor 1260 (1:1:1) |

¢ Dilute the polychlorinated biphenyl mixed standard solution having a

similar patlern as the gas chromatogram of the solution which was

obtained after treating by silica gel chromatographic tube dissolve test

sample, to the pattern of n-hexane. Then, measure the height of the
peak or the integrated surface area of the peak of scveral samples of

polychlorinated ‘bip'hehyl standard solution (Aroclor) under  the

quantitative analysis cohdilion, and plot the measuring curve. The

solution which was oblained after processing under the same conditions

as the specified silica gel chromatographic tube dissolve test sample,

shall be tested by gas chromatograph. Then select the peak of the

pattern which conforms to the i)cak of potychlorinated biphenyl, and

A- 53



measure the height of the peak or integrated surface arca of the peak,
and determine the quantity of polychlorinated biphenyl (mg/t) from the

measuring cuzve of polychlorinated biphenyl solution.

A.24.3 Detection limit

Detection limit (DL) is 0.4 u g/l as mixture standard of Aroclor 1016 and Aroclor 1260). The

quanlity of PCB was determined by taking the five highest peaks of cach Aroclor.

This value, however, depends on the conditions of analysis and equipment. So check DL

before the analysis.

A244 Remarks

1)

2)

4

Prcparallon of polassmm hydroxide ethyl alcohol solutlon (1 mol/l) DISSOIVO 70 g of
potassium hydroxide m a small volume of water, and add ll of the cthyl alcohol (95
viv%), stir it well and store it, taking care that it docs not come into contact with carbon
dioxide for 2 to 3 days, then take out the supematant hqmd to f;lter the solution and store
it in alkali-resistant glass bottle.

chardmg silica gel of regent, charge silica gcl powder which was spcmally arranged for
analySIS of polychlorinated biphenyl mto a bcaker and ad]ust the layer thickness not over
than 10 mm and dry it for about 18 hours at a temperature of 130°C. Leave it in a
dcs:ccator for about 30 mmutes and use it Jmmedlalcly

On preparing silica gel cohlmn, pack th;: absorbent cotlon or gldss wool at the bottom of
the chroniélogr’aphic tube. Wash the inner surface of chfoxnatugraphic tube by 10 ml of
n-hexane and keep the n-hexane until the upphr portion of absorbent cotton or glass wool
is completely 1mmersed in n-hexane, |

Take2 g of silica gel into a bcaker conlammg 10 ml of n- hexanc stir the solution slowly
by glass rod to prevent bubblcs then ftransfer it into a chromatographic (ube.

Pour n-hexane, and after stabilizing the ltayer of silica gel put 1'g of anhydrous sodium
sulfate on the silica gel. Wash down anhydrous sodmm sulfate fixed on the inner surface
of chromatographlc lube with 2 ml of n- -hexane using a komagomc type pipette. Using
the same plpeltc type, add 2 ml of sd:ca gel fracuon testing solullon to anh)drous sodium

sulfatc slowly. Open the lowcr cock and drain out t_hc solullonrunill the surface level of

anhydrous sodium sulfate.

Wash the inner surface of chromatographlc (ubc w:th 1 ml of n- hexanc and lower still

until the surface of anhydrous sodium sulfalc is rcachcd
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Flowchart of PCB (Polychlorinated Biphenyl) Measurement

by Gas Chromatography Method

31
Sample 1! [—— separating
' funnel
- Acetone 50 mi
~ n-Hexane 50 m!
Shake — 10 minutes
¥
Keep stale

I

Y

v

n-Hexane layer

Lower layer

n-Hexane 50 mi >l

10
minutes |  Shake
v
Keep state
4 Y
n-Hexane layer Lower layer

— NazSO4(anhydrous)
) 4
Dehydrate .
+ .
Concentrate +— Rotating
| evaporator
" ~1 molfl KOH-C,HsOH
Decompose*’
T
Cool*?

l —n-Hexane 50 ml

Cool*®

300 mi
» Pour [— separating
funne!
— 50% n-Hexane
ethyl alcohol
20 ml
_ Water of hexane
extraction, 25 m!
\ 4
Shake
Y
Keep state
2 times
v v
“n-Hexane layer Lower layer
n-Hexane
50 ml >
Shake
v
Keep state
Y Y.
| n-Hexane layer Lower layer
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®
n-Hexane exiraction—

water 100 ml (3 times)

Y
Wash

Na;S04(anhydrous) —
\ 4

Dehydrate

y

Concentrate |--Hotating

l evaporator
1 column
n-Hexane 100 mi** —
Flow Rate
l 1 drop/second
Concentrate [ —Rotating
l evaporator
Measure*®

*!-Refiux condenser and slowly boil the solution in the water bath for one hour.
*2:Add 50 m! of n-hexane, when the solution’s temperature goes up to 50°C .
*3:Cool the solution down to in-house temperature.

*: Assemble the silica ge!l column prepared in accordance with the sample in the
chromatographic tube, and fix a 300 mi separating funnel and charge 200 ml of
n-hexane into the tube. Then open the lower cock and drain the n-hexane at the
rate of one drop per second. Thus a drop of n-hexane shall be recorded every 10
ml, and transferred into 20 test tubes separately. Inject 5 to 10 u | of the solution into the
gas chromatographic according to the reception of each dropdown fraction, and measure

the quantity of polychlorinated biphenyl from the data measured at the start and end
point for flow down of the chromatograph.

*5:GC condition
Instrument; SHIMADZU GC-17A ver.3
Column;SPB-608 Fused silica capillary column 30 m x 0.256 mm x 0.25 um
Carrier gas; 1.2 mi/min(N,) Gas make-up; 75 kPa, 30 mi/min(N,)
Injection temperature; 225°C Detector temperature; 300 °C (ECD)
Oven program; 160 min(2 min) 220 * 5 °C/min (10 min)
>
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A25  HCB, Aldrin, Dieldrin, Endrin, DDT, Chlordane

A.25.1 Scope and application

Gas Chromatography Method is used to determine the quality of seawater, fresh water,
industrial water and wastewater. (Reference: “Ientative Survey Manual of External Factor
Endocrine Disturbance Chemical Substance™ issued by Water Quality Control Section, Water

Protection Department, Environment Agency, Japan in October 1998, EPA METHODS081A)

A.252 Summary and method

Extract pesticide in hexane, remove interfering matters in silica gel column, and then use a
gas chromatography equipped with an electron capture detector (ECD). This method can be
used for HCB, Aldrin, Dieldrin, Endrin, DDT and Chlordane analysis. A single component
DDT and Chlordanc is recommended because it has scores of compounds.

Preservation : The specimen shall be stored in a glass bottie and the total volume of
the sample shall be used for analytical test. The sample should be
stored in a dark place at 4°C and lower without freczing. It should be
analyzed as soon as possible.

Standard : Dissolve HCB, aldrin, dieldrin, endrin, and 4,4’-DDT (pesticides)
standard compounds into n-hexane, and make a solution with a density
of 1 mg/l.

Calibration : Make the standards for working curve step by step. Carry out the same
procedure as the sample, and plot the relation curve between the amount

of pesticides and its area.

A.25.3 Dectection limit

The detection limils (DL) are as follows: HCB 0.7 p gfl, Aldrin 0.9 g g/l, Dicldrin 0.7 p g/l,
Endrin 0.7 p g/l, 4,4’-DDT 0.4 1 g/ _ ,

These values, however, depend on the conditions of analysis and equipment. So check DL

before the analysis,

A.25.4 Remarks

1) On silica gel of reagent, charge silica gel powder which was specially arranged for
analysis of polychlorinated biphenyl into a beaker and adjust the layer thickness not over
10 mm and dry it for about 18 hours at a temperature of 130°C. Leave it in a desiccator

for about 30 minutes and then use immediately.
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2)

3)

On the preparation of silica gel column, pack the absorbent cotton of glass wool at the
bottom of the chromatographic tube. Wash inner surface of chromatographic tube by 10
ml of n-hexane and keep the n-hexane so as the upper portion of absorbent cotton or glass
wool is immersed in n-hexane. Take 2 g of silica gel into a beaker containing 10 ml of n-
hexane, stir the solution slowly by glass rod and remove bubbles, then transfer it into a
chromatographic tube. Pour n-hexane, and after stabilizing the layer of silica gel, put 1 g
of anhydrous sodium sulfate on the silica gel. Wash down anhydrous sodium sulfate
fixed on the inner surface of chromatographic tube with 2 ml of n-hexane by using
komagome-type pipette, then add 2 m! of silica gel fraction testing solution to anhydrous

sodium suifate slowly by using the pipette. Open the lower cock and drain out the

“solution until the surface level of anhydrous sodium sulfatc. Wash the inner surface of

chromatographic tube with 1 ml of n-hexane, and lower the sutface until the surface of
anhydrous sodium sulfate is reached.

This analysis method can be used for Chlordane. A single component Chlordane is
recommended because Chlordane is a- compound. The number of compounds, their
respective concentrations and retention times have to be confirmed in case Chlordane is

selected as a standard mixed compound.

Flowchart of HCB, Aldrin, Dieldrin, Endrin, DDT Measurement by
Gas Chromatography Method

Sample 11
i Keep state
— NaCl30g '
— n-Hexane 50 mt h 4 *
n-Hexane layer
Shake  —10 | Lower layer
* minutes - : .
Keep state . 2O
n-Hexane layer Lower layer
n-Hexane 50 mi> l
10 -  Shake
minutes — | -
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— Na>SOs{anhydrous)

Dehydrate

v

Concentrate

'

Clean up*'

h 4

Flow ]——Hate
1

-—Rotating

evaporator

_Silica gel

column

— n-hexane 100 ml

drop/second

v

*: Assemble the silica gel column
prepared in accordance with the
chromatographic tube, and fix a 300 ml
separating funnel and charge 100 ml of n-
hexane into the tube. Then open the lower
cock and drain the n-hexane at the rate of
one drop per second. Thus a drop of n-
hexane shall be gathered every 10 mi, and
transferred into 10 test tubes separately.
Next charge 100 ml of 2% acetone n-
hexane into the tube. Then open the lower
cock and drain the 2% acetone n-hexane
at the rate of one drop per second. Thus a
drop of 2% acetone n-hexane shall be
collected every 10 ml, and transferred into
10 test tubes separately.

Inject the solution 5 to 10 u | into gas
chromatographic  according to. the

" reception of each dropdown fraction, and

measure the quantity of polychlorinated
biphenyl from the data measured at the
start and end point for flow down of the

) chromatograph.

Y
Clean up n-Hexane layer
-2% acétoné
n-hexane 100 ml
Flow —Rate
‘L ‘ 1 drop/second - -
Concentrate |Rotating
4 evaporator
Measure*?
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*2:GC condition

Instrument; SHIMADZU GC-17A ver.3
Column;SPB-608° Fused silica' capillary
column 30 m x 0.25 mm x 0.25 um

Carrier gas; 1.2 mimin(N,)

Gas make-up; 75 kPa,30 ml/min(N,)
Injection temperature; 225°C

Detector temperature; 300 °C (ECD)

Oven program, S

160min{2 min) 290 *5 Ymin {10 min)



A.26  O-P (Organophosphorus compound

A.26.1 Scopc and application
Glass Chromatography Mecthod also measures the organophosphorus compounds in
scawater, fresh water, industrial water and wastewater. (Reference: Notification No.46, 1971

of the Japanese Environmental Agency)

A.26.2 Summary and method
Extract organophosphorus compounds in hexane, and then use a gas chromatography
equipped with a flame photometric detector (FPD).  This method can be taken for EPN,
methyl parathion and parathion analysis.
Preservation : The sample should be stored in a dark place at 4°C, adding hydrochloric
acid to weaken the écidily; it should be analyzed as soon as possible.
Standard Take 0.050 g of parathion, dissolve in a lilt.lc acetone, transfer it into a
100-m! volumetric flask, and add acetone up to the marked line. This
concentiation is 0.5 mg/ml. Prescrve it in a cool dark place, but do not
usc after a month.
Calibration : Make the standards fd; working curve step by slep. Carry out the same
‘ proccdufé_ as thc'Samplc__, and plot the relation curve between the amount

of parathion and its area.

A.26.3 Delection limit
Detection limit (DL) is 1.0 g g/l as Parathion. This number, however, depends on the

conditions of analysis and equipment. So check DL before the analysis.

A26.4 Remark

1) Benzene and dichloromethane can be used for the extraction of pretreated sample instead

of using n-hexane.
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Flowchart of Organophosphorus Measurement by Gas Chromatography Method

300 ml
Sample 100 ml |-—-Separating

funnet!
— NaCl 5 g
-— HCI

Control | pH3to pH4

l — n-Hexane 40 m|

Shake — 1 minutes
Keep state
® —
n-Hexane layer state Lower layer
n-Hexane 40 ml>l
tmin. | Shake
v
Keep state |- *1: GC condition
Instrument; SHIMADZU GC-17A ver.3
Column;SPB-608 Fused silica capillary
A 4 column 30 m x 0.25 mm x 0.25 um
n-Hexane layer state Lower layer Carrier gas; 1.2 mlfmin{N,)
Split; 1:10
. Gas make-up; 75 kPa,30 mli/min(N,)
(':2;88:)”3) H; gas; 100 kPa Air gas; 100 kPa
y Injection temperature; 200°C
Detector temperature (FPD);
Dehydrate Base 250°C Head 150°C
¢ Oven temperature; 230°C
Concentrate [—Fiotating
& evaporator
‘Measure*'
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Appendix B Method of Sediment Analysis

B.1 Particle Size Analysis

B.1.1  Scope and Application

Separation method by sieve is vsed for particle size analysis of sediment,

B.1.2 Summary of Method

The fundamental task of sediment analysis is to separate samples by size of particle using a
sieve. It is important to do this because sediment quality is basically determined by particle
size of sediment. ' ‘

Usually particle sizc of sediment is separated as follows:

. Rock : over 2 mm
«  Sand:75 pmto2mm
+  Silt:above 75 um

In this method, sediment sample is separated using threce sieves as follows:

+  Rock: over 2 mm

«  Sand : 425 gmto2 mm

«  Sandysilt: 75 rmto 425 gm
« Silt:above 75 um

Of course it is possible to separate sediment samples into various particle sizes using other

kinds of sieves, as listed in Table B.1.

Table B.1 Characteristics of Different JIS Sieves and Tyler Sieves
Condition |[JIS - Tyler ~|Condition [ JiS Tyler
Name Pora Mesh Pore Name Pore Mesh Pore
{urn} size{mm) size{mm} {um) size{mm) size{mm)
(Clay) |53 0.053 [270 0.053 | Coarse | 500 050 |32  10.495
Silt 62 0062 |[250 0.061 Sand |590 |059 |28  |0.589
74 0.074 200 0.074 710 0.71 24 0.701
Sandy |88 0.088 i70 0.088 840 0.84 20 0.833
Silt 105 0.105 | 150 0.104 1000 1.00 i6 10991
{Fine 125 0.125 115 0.124 1190 1.19 i4 1.168
Sand) 149 0.149 100 0.147 1410 1.41 12 1.397
177 0.i777 | 80 0.175 1680 1.68 i0 1.651
210 0.21 65 0.208 2000 | 2.00 g 1.981
250 0.25 60 0.246 | Rock 2380 238 8 2.362
297 0.297 48 0.295 2830 2.83 7 2.794
350 0.35 42 0.351 3360 3.336 6 1 3.323
420 0.42 35 0.417




Preservation : Samples should be kept in a dark place.

Calibration : Particle size can be calculated by the following formula,

DryWeight : D1 = W0Ox

(100 - DO)
BT (&)

WI1-51

Fractionl: Rock = oL x 100(%)

Fraction2 : Sand =

Fraction2 : SandySill = -
D1

W2-8§2

x100(%)

W3-53

x100(%)

Fractiond : Silt = 100 - (Rock — Sand - SandySilt}{%)

DO
D
w0
Wl
W2
W3
Sl
52
S3

B.1.3 Dectection Limit

Detection limit is 1%.

B.1.4 Remark

: Water content (%)

: Sample weight as dry sample (g)

: Sample weight as wet sample (g)

: Weight of pot containing sample on the sieve (mesh 200) (g)
: Weight of pot containing sample on the sieve {mesh 36) (g)
: Weight of pot containing sample on the sieve (mesh 8.6) (g)
: Weight of pot for the sample on the sieve (mesh 200) (g)

: Weight of pot for the sample on the sicve (mesh 36) ()

: Weight of pot for the sample on the sieve {(mesh 8.6) (g)

1) In case the sample contains much water, take some more.

2) Put sediment samples under cach sieve. First, wash the sample on the top sieve (nesh

200), then take out the sicve and wash the sample on the middle sieve (mesh 36). Next,

take out the middle sicve and wash the sample on the bottom sieve (mesh 8.6).



Flowchart of Particle Size Analysis (Separation Method by Sieve)

Sample 50g " | Calculate water content
before the analysis.

-— water (not necessary to use pure water)

Stir
Transfer | Put together sieves by turns shown in
l Figure 1.1.
Shake as washing | - By running water 9
sample
Transfer L. Get out sample on the sieves to the pots by
* - each sieve
Dryup F—— At 110°C, until sample dries up.
Transfer |—— To a desiccator
Weigh

Running water

- ’ _' Mesh 200, *2mm
<< e >> Mesh 36, *425 "m
Mesh 8.6, 75 "m

Figure B.1  Separation Method by Sieve



B.2 ORP (Oxidation Reduction Potential)

B.2.1  Scope and Application

ORP Electrode Method is used to analyzc sediment samples.

B.2.2  Summary of Method
ORP should be measured immediately in the field. If it is impossible to do this, take sample

in a sample bottle, making svre not to trap any air, then measure as soon as possible.

B.2.3  Accuracy

Accuracy depends on the equipment. - General significant figure of accuracy, however, may be

double figures generally.

B.24 Remarks

1) Calibration is done using reagents, which indicate suitable pot_enlial.-

2) Measure ORP on boat before sample for chemical analysis is taken. Do not mix the
samples. If it is impossible to measure on boat, take a sample in a sample bottle, make
sure not 1o trap any air, keep it cool, and measurc ORP before sampling for other
parameters is undertaken., | |

3) ORP varies by place, so samples should be taken at every sampling area.

Flowchart of ORP (Oxidation Reduction Potential) Measurement by ORP Electrode Method

Calibrate "

v

Take a sample ?

Y

Measure ¥




B.3 Ignition Loss

B.3.1  Scope and Application
Gravimetric Method applies to analysis of sediment samples. (Reference: The Handbook of

Bottom Sediment Survey 1.4)

B.3.2 Summary of Method
Ignition loss (1.I..) indicates the amount of volatile maiter in sample ignited by high
temperature. 1t is effective o indicate the amount of organic malter in samples.
The temperature for igniting sample is, however, various, for example, at 600°C (HBSS 113,
JIS K 0102 14.4), at 450°C (EPA METHOD 160.4), at 450°C. This method adopted 600
And water content can be calcil.'lated'while sample is analyzéd.

Preservation : The sample should be stored in a dark side and at 4°C.

Calibration : Ignition loss and water content can be calculated by the following

formula:

Wi W2

“ontent =———x100
Water Content (%) WL W 0)(
Ignition Loss (%) = W2-W3 100
W2 - W0

WO : Weight of melting pot

W1 : Weight of sample with melting pot

W2 : Weight of sample after drying with melting pot
W3 : weight of sample after igniting with melling pot

B.3.3  Detection limit

Detection limit is above 0.1 %.

B.34 Remarks
1) Approximately 5 g of muddy sample and 10 g of sandy sample are taken. Put them into
the melting pot as thinly as possible.

2) Weigh the melling pots before samples are analyzed.



Flowchart of Particle Size (Separation Method by Sieve)

Sample 510 10g " |- Use melting pot ?

!

Dryup +— At 110°C, until sample

* dries up
Cool — In adesiccator

' .

Weigh — Calculate water content
v

lgnite — At 110°C, for 2 hours

Cool |— Inadesiccator

Weigh




B4 COD (Chemical Oxygen Demand)

B.4.1  Scope and Application
Alkaline Pofassium Permanganate Method is used for analysis of sediment accumulated on
the beds of seas, lagoons and lakes. Titration proccdure is used for COD measurement.

(Reference: The Method of Analysis Guideline of Water Pollution in Japan)

B.42 Summary of Method
This method is used to determine consumed oxygen when organic matter contained in
sediment is oxidized with potassiom permanganate, It is an important indicator of the amount
of organic maller decomposed by potassium permanganate contained in sediment. It is
commonly used for wet matter. Calculation method of COD is explained subsequently.
Preservation : The sample should be stored in a dark side and at 4°C.
Standard 1 10 mmol/l sodium thiosulfate should be standardized with potassium
iodate.

Calculation : Iis calculation is as follows.

COD(mg/g) = 0.8x(b-t)x5xf xlOOx;Nx(ll(lﬁ)—m

: titration volume of sodium thiosuifate (m!)
: litration volume of blank test (ml)

: factor of sodium thiosulfate

: water content of sample ((%)

: sample weight (g)

£5~9 "

B.4.3  Detection Limit: about 0.1 mg/g
Detection Limit is 0.1 mg/g,

B.4.4 Remarké _

1) Remove water that has separated from sediment sample about to be measured.

2) It is necessary that concentration of oxalic acid is a liltle high than its potassium

" perntanganate content. ' '

3} Add 10 ml more of potassium permanganate when a color is distinguished after the initiaf
10 ml of potaésium permanganate. In this caéé, a blank test should be carried on sample
of same condition.

4) Dry malter ratio is able to ulilize the value of measurement result for ignition loss.

5) Standardize from N/10 sodium thiosulfate to N/10 potassium iodate (3.567g/1000 ml).



FFlowchart of COD (Chemical Oxygen Demand) Measurement
by Alkaline Potassium Permanganate)

Wetsample 103 g

-~ 30% NaOH 5 ml
— 10/N KMnO4 100 m}

Boit in 'w'ater bath |- For 15 minutes.

— Nf10 C,H,0,.2H,0O(oxalic acid) 100 ml
— (3+7) H;S0, 10 ml

Cool

Y

Make up to 500 mi

Y
Filtrate N

!

Filtrated solution

Use No.41 paper fiter =

l |—-10%Kism
Take its 100 ml in 200 ml of
Erlenmeyer flask Keepstate | . For5minutes @
~~N/10 KMnO; 10 mi _l
T Titrate  —— Use N/10 of N828203 :
Mix Starch drip as indicator.




B.5 TOC (Total Organic carbon)

B.5.1  Scope and Application
Heating Distillation-4-Pyridine Carboxylic Acid-Pyrazolone Absorptiometry Method
determines total carbon in sediment accumulated on beds of seas, takes and lagoons.

(Reference: HBSS 11.14)

B.5.2  Summary of Method

Total organic carbon analyzer altached with solid sample module is used for analysis of
sediment samples. A sample is analyzed for dry matter and the amount of organic carbon in a
sample is measured as’ total carbon after inorganic carbon had been decomposed by
hydrochloric acid,

Preservation : The sample should be stored in a dark side and at 4°C.

Standard : Heat potassium potas;siu’m hydfoécn phlhalater at 120°C for about an
hour, allow it to cool in a desiccator, take 2,125 g, dissolve it in water
and transfer it in a 1000-ml volumetric flask. Add water up fo the
marked line. This conccﬁtration is 1000mg/l.

Calibration : Make the standards for working curve step by step. Carry out the same

procedure as the sample, and plot the relation curve between the

amount of TOC and its signal.

B.5.3 Detection Limit: TCO.1 mg
Detection limit is 0.2 mg/g. This value depends on the condition of equipment. So check DL

before the analysis.

B.54 Remarks

1) Analytical conditions are as follows:
Equipment: Total Organic Carbon Analyzer Model 5050A attached with a solid sample
module SSM-5000A (SIMADZU Co.)



Catricr gas :

TOC 5050A: high pure air, 5 kg/csz, 150 ml/min

SSM-5000A: oxygen gas (above 99.9%), 2 kg/em’G, 500 m}/min
Furnace Temperature : TC 890°C, 1C 200 *
Sample volume : 0.5 g

Reagent of combustion accelerated : Tungsten Oxide (WQO;)
2) Use dried sample

Flowchart of TOC (Totai Organic Carbon) Measurement
by Combustion Oxidation-Infrared Type TOC Automatic Analysis Method

Sample 0.5g 2

1—2 mol/l HCI 1 ml

Decompose Inorganic carbon
in a sample

— WO3 05 g

Measure
using TOC Analyzer




B.6 Sulfide

B.6.1  Scope and Application
Heating Distillation Method is applied for mecasurement of free and total sulfide.

(Reference: Analysis Guidelines of Water Pollution in Japan. 5.11)

B.6.2  Summary of Method
By heating distillation of sediment samples from beds of seas and lagoons, hydrogen sulfide
is purged and caught in 10% solution of zinc acetate,
It is possible that frce sulfide, mainly hydrogen sulfide, is measured by steam distillation only,
while total sulfide is measured by stcam distillation after adding 15 ml of 2N hydrochloric
acid. _

Preservation : Tht_:'sample should be stored in a dark side and at 4°C.

Standard : N/100 sodium thiosulfate should be standardized with potassium iodate.

This procedure is almost same as thosc of COD and DO.

Calibration :Its .célculation is as follows:

0.16x (b- () x £ x100
Wx(100-D)

Sulfide (mg/g) =

: Titration volume of sodium thiosulfate for sample (ml)
: Titration volume of blank test (ml)

: Factor of sodium thiosulfate

: Sample weight (g)

: Water content (%)

ogmT -

B.6.3  Detection Limit

Detection limit is 0.02 mg/g in case of using about 2 g of sample.

B.6.4 Remarks

1) 1 mlof N/10O sodium thiosulfate is equivalent to 0.16 mg of sulfur.

2) Add 5 ml more of iodine solution when its color is dislinguished after the initial 5 ml of
iodinc solution. In this casé,.a blank ft;st should be carried oul on sample of same
condition.

3) Total sulfide = Free sulfide + Compound sulfide
if only total sulfide is needed, add hydrochloric acid for first distillation,

4) Distilling apparatus is shown in Figure B.2.
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back-flow stopper (about 50 ml}
receiver {measuring cylinder
{with stopper) 250 ml (or 100 ml)]

: interchangeable ground joint
: inferchangeable spherical ground joint
: fixing spring '

Figure B.2 'Distilling' Apparéms
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: connéeting and introducing tube .
: interchangeable ground cock il
s injéction funnel
: trap sphere (Kieldahl type) "
: Liebig condenser 300 mm



Flowchart of Sulfide Measurement by Heating Distillation Method

Construct distiflation apparatus

- 30 to 50 of distilled water,
Fix the tip of pipe into zinc acetate solution.

Sample about2.0 | Into distilling flask

Y
Join distilling flask to receiver

Join it to dislillation —10% zinc acetate solution 10 ml

flask and add 2N HC] into receiver with glass pipe
i5 ml into distilling

flask. 4
p/ Distil | Continue distillation until sample volume
reaches about 50 ml
Y

~ Receiver (sample solution)

Compound suifide

Join distilling flask to new
receiver (10% zinc _
acetate solution 10 mi) with
‘glass pipe -

¥
Take out receiver from apparatus

-—Nf100 iodine solution

Titrate |—— By N/100 Na2$203 .




B.7 Hexane Extracts

B.7.1  Scope and Application

Gravimetric Method is used to quantify low concentrations of oil and grease by chemically
drying a wet sludge sample and then extracting using the Soxhlet apparatus. It is also used to
recover 0il and grease levels in sediment and soil samples.

This method is not recommended for measurement of low-boiling fractions that becomes
volatile at temperatures below 80°C. (Reference: EPA METHOD 9071A, and Analysis
Guidceline of Water Pollution in Japan. 5.13)

B.7.2  Summary of method
Take a sample into a beaker. Water content of this sample should be measured. Add about 1
m! of hydrochloric acid in order to acidify to pH 2.
Transfer the sample into a thimble filter and exiract with hexane using Soxhlet apparatus.
Concentrate this hexane layer using rotary evaporator. After drying up, weigh the residue. -
Preservation : The sample should be stored in a dark side and at 4°C,
Calibration : Hexane exiract can be calculaled by the following formula.

100

Hexan Extract (m ={W2-WDx1000x ———
(me/e) = ( X100 % (100 D)

D : Water content (%) _

WO : Weight of sample as wet sample (g)

W1 : Weight of an aluminum cup (g)

W2 : Weight of the residue with an aluminum cup (g)

B.7.3 Detection Limit

Detection limit is 0.05 mg/g in case sample weight is 20 g.

B.74 Remarks:

1) Sample taken is approximately 10 g for muddy sample and 20 g for sandy sample.
2) Add about 1 ml of hydrochloric acid in order to acidify to pH 2.



Flowchart of Hexane Exiract Measurement by Gravimetric Method

Sample 10t0 20 g "

—HCt1m!?

h 4

dehydrate

v

Concentrate

Wash and |___

Transfer |- Use thimble filter
Extract |.__. Use Soxhlet apparatus
At 80°C, for 4 hours
Water layer Hexane layer

LUntil solution is neutralized
Use Na,S0,

Use rotary evaporator

l

Dryup |

v

Cool

v

Weigh

Above 80°
Until sample volume
hecomes about 10 ml

Use aluminum cup.

First, dry up on a hot plate
above 80°C until hexane is
almost entirely evaporated.
Next, move it into a dry
oven, keep for 1 hour
above 80°C.



B.8 Cyanide

B.8.1  Scope and Application ,
Heating Distillation-4-Pyridine Carboxylic Acid - Pyrazolone Absorptiometry Method
detects the presence of cyanide in sediment found at the bottom of seas, lagoons and lakes,

(Reference: Handbook of Bottom Sediment Survey 1.14)

B.8.2 Summary of Method

1) Pretreatment( Heating Distillation) |

Add phosphoric acid to samplc to make its pH 2 or less, then add 10% of EDTA and ethylene
diamine tetraacetic acid dihydrogen disodium salts.  Distill it on heating, and collect

generated hydrogen cyanide in 2% of sodium hydroxide solution.

2) 4-Pyridine Carboxylic Acid - Pyrazolone Absorptiometry

Take a part of cyanide solution which has been pretreated, neutralize it with acetic acid,
change to cyanogen chloride by adding chloramine T solution, add 4-pyridine carboxylic acid
- pyrazolone solution, measure the absorbance of blue color produced, and thus cyanide iron
is determined. 7

Preservation : The sample should be sl,or'cd: in a dark side and at 4°C; it should be
analyzed as soon as possiblé. ‘

Standard : Diss‘ql\-(cz 0.63 g of potassium cyanide in a little water, add 2.5 ml of
sodium hydroxide solution (20 g/l) and add water to make 250 ml. This
concentration is idUOmg/l. Factor of this solution should be measured

* by titration method using 0.1 mol/l of silver nitrate.

Calibration : Make the standards for working curve step by step including blank

 waler. Carry out the same procedure as the sample, and plot the relation

curve belween the amount of cyanide ion and its absorbance.

B.8.3 Deteclion Limit

Detection Limit is 0.05 mg/i using a 5-cm and 300 ml of sample amount.

B.8.4 Remarks
1) Ammonium amidosulfate solution(100g/l) shall be added in order to remove the
disturbance by nitrite ion in the sample. When there is no addition, nitrite ion produces

hydrogen cyanide after reaction with EDTA during heating for distillation. 1 ml of
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2)

3)

4)

5)

6)
7)

ammonium amidosulfate solution is cquivalent to about 40 mg of nitrite ion. When 40
mg or more of nitrite jon exist, the amount to be added shall be increased according to its
amount.

Disconnect the condenser and back-flow stopper, wash the inside tube of the condenser
and both sides of the back-flow stopper with a little water, put the washing in the
receiver, and add water up to the marked fine of 100 ml.

Pretreated cyanide ion solution until it has a pH of about 13, and the quantity of acelic
acid (148) nceded to neutralize 10 ml of the above solution is about 0.5 ml. Therefore
adding 10 ml of phosbhale buffer solution (pH 6.8) into this solution makes its plI 6.8.
The pH for coloring should be in the range from 5 to 8.

Dissolve 0.3g of 3-methyl-1-phenyl-5-pyrazolone in 20 ml of N,N-dimethylformamide.
Separately, dirssolve 1.5 g of 4-pyridine carboxylic acid in about 20 ml of sodiuvm
hydroxide solution (40 gl])» and drip hydrochloric acid (1+10) to make its pH about 7. Put
both solutions together, and add water to make 1000 m!. Preserve this solution in a dark
place at 10°C or lower, but do not use it after 20 days.

Temperature of 20°c or less colors it insufficiently, and 30 or higher accelerates coloring
but fades rapidly.

The coloring achieved under this condition lasts for aboul an hour.

Distilting apparalus is shown in Figure B.3.
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Figure B.3 Example of Distillation Unit for Cyanide Analysfs



Flowchart of Total Cyanide Measurement ,
by Heating Distillation- 4-Pyridine Carboxylic Acid - Pyrazolone Absorptiometry

1) Distiliation
Sample5t010g | In a 1000 ml distilling
— Place about 10 pieces of boiling tips
— A few drops of phenolphthalein
Neutralize In case of being alkaline, d'rip phosphoric
; acid until the color of solution disappears.
— 100g/l ammoniumn amidosulfate solution 1 mi ¥
v - . .
Connect a distilling flask Use a 100 ml measuring cylinder (with
: stopper) as a receiver, put 20 ml of

sodium hydroxide solution (20 gfl) into it.

— 10 m! phosphoric acid
— 10 mi EDTA solution

v

Keep state {_ . For several minutes

Distill }—— Controt distilling rate to
2 to 3 mifmin, and distill
until amaunt of the
liquid in receiver
‘becomes about 90 ml.

Finish distillation 2

2) rheasurement .

. : Make up
Sample 10 ml

“| — 1 drop of phenolphthalein solution
— Drip (1+8) of acetic acid until red of
the solution fades away.
| — 10 ml phosphate buffer solution (pH6.8) ¥
- 10g/l chloramine T solution0 25 ml.

v .
Keep state | For 5 minutes.

l — 4-Pyridine Carboxylic Acid 10 m! ¥

N | - Into water bath at 25+2°C
Kee? stgte | For 30 minutes
Measure Wave length : 620 nm

Use 5 c¢m cell
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B.9 Cr (Chromium)

B.9.1 Scopc and Application

Acid Digestion, Diphenylcarbazide Absorptiometry is a method used for soil samples, such
as bottom sediment, and for biological samples. (Reference: The Handbook of Bottom
Sediment Survey  *.12.1, EPA METHOD 3050B, 3051, 3052: Pretrcatment)

B.9.2 Summary of Mcthod
Use dry sample. Sample is digested with nitric acid and 30% of hydrogen peroxide with other
heavy metals, such as Cd, Pb, Cu, Zn and Ni (EPA 3050B). Microwave assisted digestion
also can be used with nitric acid (EPA 3051). These methods arc nof a total digestion
technique for most samples. There are very sirong acid digestion methods that will dissolve
almost all clements that are “environmentally available.” By design, elements bound in
silicate étruclurcs ar¢ not normally dissolved by this procedure as they are not usually mobile
in the environment. [If absolute total digestion is required, use EPA 3052. (with hydrofluoric
acid). Take a sample into inert polymeric microwave vessels which is sealed and heated in a
microwave system. Add nitric acid and hydrofluoric acid, heat using a suitable laboratory
microwave system. The detailed conditions, amount of nitric acid and hydrofluoric acid,
heating time and so on, depends on microwave system,
Add potassium permanganate into digested sample to oxidize chromium (IHi) into chromium
(VD). Add 1,5-diphenylearbonohydrazide (diphenylcarbazide), and measure the absorbance of
generated reddish violet complex, for determination of total chromium,

Preservation : The sample should be stored in a dark side and at 4°C.

Standard : Use the Standard for atomic absorption spectrometry.

Calibration : Make the standards for working curve siep by sfcp. Measure these

standards by atomic absorption spectromelry, and plot the relation curve

belween the amount of phosphate and its absorbance.

B.9.3 Dctcciion':Limil--

Detection limit (DL)is 0. 1 mglkg in case 5 g of sediment sample is taken.

-B9.4  Remarks
1) Take approximately 2 g of muddy sample and 5 g of sandy sample.
2) When the sample contains shelifishes or fragment of shell, add nitric acid slowly to

prevent violent oxidation.



3)

4)

3)

6)

7

8)

If brown fumes arc generated, indicating oxidation of the sample by nitric acid, repeat
this step (addition of 5 ml of nitric acid) over and over until no brown fumes are given off
by the sample indicating the complete reaction with nitric acid.

Add until the effervescence is minimal or until the general sample appearance is
unchanged. Do not add more than 10 mi of 30% hydrogen peroxide.

Amount of sample depends on microwave system.

When the sample does not contain concentrations of silicon dioxide (< 10%), or it is not
necessary to digest siliceous fraction, adding of hydrofluoric acid can be omitléd or
reduced. ' o

Boil for several minutes while keeping red color constant by dripping whenever red color

‘is about 1o disappear.

Dissolve 0.5 g of 1,5-diphenylcarbonohydrazide (diphenylcarbazide) in 25 mi of acctone;

and add water to make 50 ml. Preserve in a cool dark place. Do not use after one week

or more from préparation.

9)

Solution temperature so seriously affects the coloring that it is important to keep it at
about 15°C.

10) Maximum coloring is achieved 2 to 3 minutes, and is nearly constant during 5 to 15

1)

minutes.

‘Flowchart of Cr (Chromium) Measurement
by Acid Digestion, Diphenylcarbazide Absorptiometry)

Pretreatment (Digestion)

1}-a  Hot plate assisted digestion

Dry sample 2to 5g "

— Water about 10 ml
~ HNO; 5 ml ?

Heat on Hot Plate | Cover with a ribbed watch glass. .. . -
l at 95°C without boiling, 10 to 15 minutes

Coot

—HNO; 5 ml

Heat on hot plate | At95°C without boiling, 30 minutes ¥
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®

!

Heat and evaporate

v

| Cool

L. For 2 hours or until amount of
sample becomes about 5 ml

— Water 2 ml
—30 % H,0,3 mt
\ & ' '

| Cover with a ribbed watch glass
until effervescence subsides

—30% H,0, 1t ml

Heat on hot plate

h 4

Heat on hot plate

!

Filtrate

!

Make up

... Use No.41 paper filter

—__ Use 100 m! of volumetric flask

1)-b  Microwave-assisted digestion

Sample 0.1t00.5g %

~HNO, 7,
—HF® |

Digest
using microwave system

|

| Use No.41 paper filter

Fittrate
Make up [— Use 100 mi of volumetric
flask




2) Measurement

l Digested ample 30 ml

—— (149) H.504 3 ml

Heat }——— Until there is slight white fumes of sulfuric acid
Cool |—— Add water to make up to 30 ml.
Heat

— Several drops of 3 gfl KMnO4 to turn
the solution faint red.

Keep boiling ?

Cool

with running water

—— 200 g/l urea solution 10 mi

— 20 g/l sodium nitrite solution
{several drops in order to put
off red color in solution)

Transfer | To 50 ml! of volumstric flask

l — 10 g/l diphenylcarbazide 1ml

Make up
Y
Keep state |5 minutes % '®
.. A
Measure |— Wave length : 540 nm

Use icm or 6 cm cell



B.10  Heavy Metals (Cd, Pb, Cu, Zn)

B.10.1 Scope and Application

In this manual, detection of hcavy metals by Acid Digestion, Atomic Absorption
Spectrometry is limited to Cd, Pb, Cu and Zn in solid sample, c.g. soil and scdiment
(Reference: The Handbook of Bottom Sediment Survey 11.6,7,8,9,10, EPA METHOD 3010A,
7131A, 7211, 7421, 7951, EPA METHOD 3050B, 3051, 3052- Pretreatment)

B.10.2  Summary of Method
Digestion {or heavy metals can be the same as that for Cr. That is to say, dricd sample is
digested with acid solution. For example, nitric acid and 30% of hydrogen peroxide are used
for digestion in EPA METHOD 30508, which method involves heating on a hot plate, Or if .it
is necessary to digest silicate structures, EPA METHOD 3052, which uses microwave system with
nitric acid and hydrofluoric acia, can be used. Concentrations of Pb, Cu and Zn are so high that these
can be measured directly using flame atomic absorption spectroscopy (FLAA). Concentration
of Cd, however, is not so high, and may be affected by Fe, Mn and salt. If concentration of
Cd is too low to dircctly measure, it musi be separated from these influences. In this case,
liquid-liquid extraction method can be used (Details is shown in the method of heavy metals
in scawater). In short, Cd can be separated with DDTC-Bulyl acetate method, but pH range
for extraction is 9 —'79.5. “This is the reason why Fe and Mn are also extracted under pH 8.5 —
9. Exlractcd-sample can be measured using graphite furnace atomic absorption spectroscopy
(GFAA) or flame atomic absorption spectroscopy (FLAA), depending on concentration of Cd
and objective detection limil.

Preservation : The sample should be stored in a dark side and at 4°C.

Standard : Use the Standard for atomic absorption spectrometry.

Calibration : Make the standards for working curve.step by step. Measure its

absorbance by atomic absorption specirometry, and plot the relation

curve between the amount of phosphate and its absorbance.

B.10.3  Detection Limit
Detection limit (DL) by GFAA is shown in Table 10.1. The values, however, depend on the

conditions of analysis and equipment. So check DL before the analysis.



Table 10.1 Detection Limit of Heavy Metals

Parameter Detection limit (DL) mg/kg
Cd 05
Pb 1
Cu - 1
| Zn i

Condition : Use GFAA Method
Sample weight is 2 to 5 g, and concentrate to 10 ml

B.10.4 Remarks

1) Samples taken are approximately 2 g for muddy sample and 5 g for sandy sample.
2) The conditions for digestion depend on microwave system. '
3) The conditions for mcasurement depend on atomic absorption spcclrophotomelry

4) Details are shown in the method of heavy melals in seawater.

Flowchart of Heavy Metals (Cd, Pb, Gu, Zn) Measurement
by Acid Digestion, Atomic Absorption Spectrometry

Dry sample 2to5g "
Hot plate method Microwave method
(EPA METHOD 3050B) ' (EPA METHOD 3052)

v

Digested sample

(Liquid — Liquid Extraction)
See the following .

Measure Cd
using GFAA®

Measure Pb, Cu, Zn
using FLAA




Liquid -- Liquid Extraction for Cd

Digested sample 20 to 50 mI’

- 200 ml water as total volume
— (100g/L) Ammonium cilrate dibasic 10mL

AdjustpH —— pH 9t0 9.5 with (1+1) Ammonium hydrate
Usec pH meter or pH indicator -

—100g/L DDTC 5mL
-— Butyl acetate 10mL

Extrapt

Water layer Butyl acetate
layer

— Butyl acelate 10mL
Extract again

N —

Water fayer Butyl acetate
layer

Convert butyl acetate
into acid solution




B.11  As (Arscnic)

B.11.1  Scope and Application

Acid Digestion, Atomic Absorption Method by Hydride can be applied to soil samples
such as bottom sediment, and biological samples, etc. (Reference: The Handbook of Botlom
Sediment Survey 1113, EPA METHOD 3050B: Pretreatment)

B.11.2  Summary of Method
Digestion for heavy metals can be same as that for other metals, e.g. Cd, Pb, Cu, Zn and Cr.
That is to say, dricd sample is digested with acid solution. For example, nitric acid and 30%
of hydrogen peroxide are used for digestion in EPA METHOD 3050B, which involves heating
on a hot plate. Or if it is necessary to digest silicate structures, EPA METHOD 3052, which
uses a microwave system with nitric acid and hydrofluoric acid, can be used.
The existence of nitric acid, however, preveats the generation of arsenic hydride. So nitric
acid should be excluded from sample. Add 5 ml of (1+1) sulfuric acid, heat in order to
generate enough white fumes of sulfuric acid to expel nitric acid.
Arsenic is reduced to the trivalent forms with potassium fodide. The trivalent arsenic are then
convetted to volatile hydrides using hydrogen produced from the reaction of the acidified
sample with sodium borohydride in a continuous-flow hydride gcncrator.':
The volatile hydrides are swept into, and decomposed in, a heated quaftz cell located in the
optical path of an atomic absorption spectrophotometer. The resulting absorption of the lamp
tadiation is proportional to the arsenic or antimony concentration,

Preservation : The sample should be stored in a dark side and at 4°C.

Standard  : Use the Standard for atomic absorption spectrometry.

Calibration : Make the standards for working curve step by sicp. Measure these

standards by atomic absorption spectromeiry, and plot the relation curve

between the amount of phosphate and its absorbance.

B.11.3 Detection Limit

The typical detection limit for this method is 0.1 mg/kg in case of 5 g of sample weight.

B.11.4 Remark

1) Approximate amount taken is 2 g for muddy sample and 5 g for sandy sample.

2) The conditions for digestion depend on microwave system.

3) The existence of nilric acid prevents the gencration of arsenic hydride, so the white fumes

of sulfuric acid should be generated enough to expel nitric acid.
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4) The condition for gencrating arsenic hydride by sodium borohydride is influenced by the
type of arsenic hydride gencrating apparatus,

5) Ancxample of continuous-type hydride gencrator is shown in Figure B.4

0
Mgon—-@-—ﬂm A Pump

B., B; : Mixing joint

‘ ‘ 3
Sadium tetrahydro- . rﬂ'j’ﬂ])m\__ G : Reactor pipe
borate sglutios L !

+ ¢ D : Pressure gauge
& il
! F E : Flowmeter
Sample s A r—""}_i..;
Hydrochlorie acid —p—— ..___Lj i e Hydrids
{Potassium icdide -+ — e e d
solution)

] ™= Waste tiquid
Figure B.4  An example of continuotis-type hydride generator

Flowchart of As (Arsenic) Measurement
by Acid Digestion, Atomic Absorption Method by Hydride

1) Pretreatment {Digestion}

Dry sample 2to 5 g ¥

v | v

Hot plate method _ Microwave method
(EPA METHOD 3050B) ' {(EPA METHOD 3052)

v

Digested sample




2) Measurement

Digested Sample |———- Containing 0.1 to 1 ug as As

— (1+1) H,S0, 5 ml

Heat .

" Generate white fumes of sulfuric acid

!

‘Cool

—(t+1) HCl 4 ml

Heat

| Gently

!

Transfer

Into reactor vessel

—200 g/ KI 2 ml

Set hydride generator

45}

!

Measure |____ Wave length: 193.7 nm
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B.12 Hg Mercury) -

B.12.1 Scope and Application

Atomic Absorption Spectrometry by Reduction and Vaporization Method is an accepted
method for measuring total mercury (organic and inorganic) in soil samples, e.g. sediment,
bottom deposits, and sludge-type materials. All samples must be subjected to an appropriate
dissolution step prior (o analysis. (Reference: IIBSS 11.5, EPA METHOD 7471A)

B.12.2 Summary of Method
This method is based on the radiation absorption of 253.7 nm wavelength by mercury vapor.
Soil sample should be digested with potassium pcrménganaté and potassium persulfate,
before analysis. And, the mercury is reduced to the clemental state and acrated from solution
in a closed system. The mercury vapor passes through a cell positioned in the light path of an
atomic absorpiidli spectrophotdmeter. | o

Preservation : The sample should be stored in a dark side and at 4°C.

Standard : Use the Standard for alomic absorption spectrometry.

Calibration : Make the standards for working curvé step by step. Measure these

standards by atomic absorption spcclro'rﬁelry, and plot the felation curve

between the amount of phosphate and its absorbance.

B.12.3 Detection Limit
The typical instrument detection limit (IDL) for this method is 0.05 mg/kg for 5 g of sample

amount.

B.12.4 Remarks

1) All reagents for analysis must not contain mercury.

2) Approximately 2 g for muddy sample and 5 g for sandy sample are taken.

3) When oolor by pcnnanganalc dlsappcars, add bit by bit 50 g/l of potassium permanganate

o solution in order to keep the red color in the solution for about 15 minutes. '

4) If the color brought about by permanganate dlsappears while sample is digested, add 10
ml of 50 g/l potas’siﬁnﬁ penﬁanganatc.

5) The sample containing a lot of chloride ion, for example bottom sediment in sea area,
causes positive error by ;;_bsbrﬁihg 253.7'|-1.m of light, because the chloride ion is oxidized
by potassium'bemlanganate to produce chlorine. In this case, add 10 ml more of 80 g/l of

. _hydroxylammomum chloride solutlon lo completely reduce chlorine.

6) .Take 10 g of tin (lI) chloride dlhydrate add 60 ml of sulfuric acid (14+20), dissolve it
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while heating and agitating. After cooling, add water to make 100 ml. Do not use after

onc week or more from preparation.

7) An example of continuous-type hydride generator is shown in Figure B.S.

H F

2 Vessrl o reductica
: Drying take
+ Flowmyter

: Air pump
F: Recorder

A
B
¢
Dz Abtorphien call
E
F
G

. Mercury helioa cathode lamp
ot mercury limp

H ; Detecter of stoxic atserption
spectromeler

I: Mercory dliminating device

Figuré B.5 An example of continuous-type vaporization generator

Flowchart of Hg (Mercury) Measurement
by Atomic Absorption Spectrometry by Reduction and Vaporization

_ _
Sample 21059 L e 300 m! of flask or BOD bottle
—HNO3 20 nil
~(141) 1,804 20 m!
Y
Cool
~50 g/l KMnOj4 15 mi )
Y . 3) Cool
Keep state — 15 minutes
. ~80 g/l NH,OIHCE 10 ml (+10 mi) >
~50 g/l K»$,05 15 ml g/l NI ml (+10 ml)
Transfer Into a vessel for reduction
Heatin water bath® | About 95°C, o . R ort
' 2 hours _ .
: ~100 g/l SnCly+ 2H,0 ®

Set reduction and
vaporization system 7

_Méasure _ w Wave Iehgth 1 253.7 nm




B.13  Alkyl-Hg

B.13.1 Scope and application
Gas Chromatography Method analyzes soil, sediment, slime and sludge. (Reference: JIS K
0102.66.2, No.127 issued by Water Quality Control Section, Water Protection Department,

Environmental Agency of Japan)

B.13.2 Summary of method
Decompose interfering matters by hydrochloric acid and extract alkylmercury (11) compound
in benzene, back-cxtract sclectively by using L-2-amino-3-mercaptopropionic acid (L-
cysteine). Extract again using benzene, and determine alkyl-Hg using a gas chromatography
equipped with an eleciron capture detector (ECD). Alkylmercury (1I) compound shall be
determined by adopting ethylmercury (II) compound and methylmercury (II) compounds,
among alkylmercury (II) compounds, as a target of measurement, and is expressed as the
amount of mercury.
Preservation : The sample should be stored in a dark place at 4°C and lower without
frecezing; it should be analyzed as soon as possible,
Standard : Weigh 0.125 g of methyhmercury chloride, dissolve it in a little of
benzene, transfer it in a 100-ml volumelric flask, and add benzene up to
7 the marked line. This concentration is 1000 mg/l.
Caﬁbration : Make the standards for working curve step by sfcp. "Carry out the same
procedure as the sample, and plot the relation curve between the

amount of methylmercury and its peak area,

B.13.3  Detection limit
Detection limit (DL} is 4.9 p g/kg as methylmercury chloride. This value, however, depends

on the conditions of analysis and equipment. So check DL before the analysis.

B.13.4 Remarks

1) Preparation of L-cysteine-sodium acetate mixed solution
Dissolve 1 g of L-cysteine hydrochloride monohydrale, 0.8 g of sodium chloride and 12.8
g of sodium sulfate acetate trihydrate in water to make fotal 100ml. It gives no peaks in
the vicinily of anticipated retention time,

2) In casc a lot of inorganic mercury exists, if an eleciron capture detector is used, the peak



by inorganic mercury may appear on the posilion of methlymercury, thus, be careful
about washing.

Residual hydrochloric acid in the benzenc layer causes incomplete back-extract of
alkylmercury owing to L-cysteine, so repcat washings unti! neutrality shows,

The cxistence of moisture may cause abnormal peak when it is injected in a gas
chromatograph, so dehydrate using sodium sulfate, for instance.

Since hydrochloric acid is used during operations, ethylmercory (1) compound or
methylmercury (I1) compound acts as cthylmercury (I) chloride or methylmercury (I1)
chloride. '

When sample contains the constituent interfering benzene extraction of alkylmercury (1)
compound, add a definite amount of cthylmercury chloride or methylmercury chloride

reference solution, find the recovery rate, and correct the determined value,

Flowchart of Alkyl-Hg Measurement
by Gas Chromatography Method

sample10g | oo0™
P 9 [ separating Benzene 50 ml *
funnel - : -
—(1+1)HCI 20 ml o
o S5 min.— Shake
Shake | oy
4 ' . Keep state
Keep state v
Benzene layer Lower layer
-— Pure water 30 m!
— CuCl 100 mg R
20% NaGl 20 ml
Shake 5 min. -y (About3to 5 times)
y - ~Shake -~ 2min. -
Keep state l
¢ | ‘ Keep slate
Benzene layer Lower layer | * |
| ®
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@

Y

v

Benzene layer

Lower layer

8 mi
' .

Shake

v

Keep state

--L-gcysteine mixed solution

L2 minutes

!

gl

Benzene layer Lower layer
HCl 2ml —
.Benzene 5 mi—
2 minutes—  Shake
Keep siate
Benzene layer Lower layer

Measure*'
state

h 4

‘Check*

-~ L-cysteine mixed
. Solution 1 mi

Shake_

-2 minutes

v

Keep state 1

|
v L 4
Benzene layer Lower layer
v
Measure*’
state -

*-GC condition o
Instrument; SHIMADZU GGC-17A ver.3
Column; HR-Thermo-HG 0.53mml.D. x

30ml
Carrier gas; 4.1 ml/min (N}
Make up of gas; 75 kPPa,30 mifmin (N,)
Injection temperature; 200°C
Detector temperaturé; 220°C (ECD})
Oven temperature; 150°C

*2.1f alkyl-mercury is present, extract
by L-cysteine mixed solution and then
measure.
if peak is not the same, it is alkylmercury.



B.14  Carbon Tetrachloride, Trichloroethylene, Tetrachloroethylene

B.14.1 Scope and application

Solvent Extraction Gas Chromatography Method is used to determine the conditions of
soil, sediment, slime and sludge. (Reference: JIS K 0125.5.5, Notification No.46, 1991 of the
Japanese Envitonmental Agency, EPA METHOD 80211)

B.14.2 Summary and method
Exlract carbon tetrachloride, trichloroethylenc and tetrachloroethylene in hexane, and then use
a gas chromatography equipped with an electron capture detector (ECD).
Preservation : The sample should be stored in a dark place at 4°C and lower without
freczing; it should be analyzed as soon as possible.
Standard i Place about 40 ml of hexane into a 50 m} measuring flask, tightly closc
| wifh a stopper, ahd measure its mass. Promptly add about 1.6 ml of
carbon tetrachloride; tightly close with a stopper, and measure its ﬁaass.
Then, add hexane up to the martked line. The concentration of this
- solution shéll be calculated making usec of mass difference before and after
'_a'qding. This standard is 50 mg/ml of carbon tetrachloride reference
solution. i’lace about 40ml of hexane into é'S_O—ml measuring flask, tightly
 close with a stopper, and measure its mass. Promptly add about 1.8 mi of
trichloroethylene, tightly close with a slop'p'er,. and measure its mass.
Then, add hexane up to the marked line. The concentration of this
solution shall be calculated making use of mass difference before and after
adding. This standard is 50 mg/ml of trichloroethylene reference solution.
Place about 40ml of hexane into a 50-ml measuring flask, stopper it
closely, and measure its mass. Add promptly about 16 ml of
tetrachloroethylenc into it, tighily closc with a stopper, aﬁd measure ils
mass. Then, add hexane up to the marked line. The c0nccﬂlrafi0h of this
solution shall be calculated making use of mass diffqtj;[}cc bc_fo'rc and after
adding. This standard is 50 mg/ml of tetrachioroethylene reference
solution. R o
Calibration : Make the standards for wdfking curve step by step. Carry out the same
procedure as the sample, and plot the relation curve belween the amount
of carbon tetrachloride, trichlorocthylene and tctrachloroethylene, and its

peak area.



B.14.3 Detection limit

The detection limit are as follows. Carbon tetrachloride 49 p g/kg, Trichlorocthylene 61

g/kg, Tetrachloroethylene 62 p g/kg. These values, however, depend on the conditions of

analysis and equipment. So check DL before the analysis.

B.14.4 Remarks

1) While sampling and storing sample, volatile organic compounds may change its
concentration owing to dissipation, evaporation and the like, so that full care shall be
taken. Even when the concentration of volatile organic compound in sample is low,

storing sample in a dark place sometimes results in sudden decreasc of its concentration,

where the stability of volalile organic compounds depends on the type of material.

2) The contamination by surroundings likely affecting this testing method is thought to

come from the air conditioning, so scrupulous measures are needed to avoid the

contamination, especially when the air conditioning has a circulating system.

2) The coexistence of a lot of mineral ¢ils lowers the recovery rate of carbon tetrachloride,
trichloroethylene, and tetrachloroethylene, bul concentrations of nearly 20 mg/l do not
cause a disturbance.

The coexistence of sulfor compounds, such as methanethiol (methyl mercaptan),

dimethyl sulfide, dimethyl disulfide, does not also cause a disturbance.

Flowchart of Carbon Tetrachloride, Trichloroethylene, Tetrachlioroethylene Measurement
by Solvent Extraction Gas Chromatography Method

SamplelOmag ——— 100 ml beaker

l— n-Hexane 10 mi

Keep slate
: [ :

¥

v

n-Hexane layer

‘Sediment

¥

- Measure*' -

Seal up
v .
Stir —— S minutes |
¥ ' (magnetic stirrer)

* 1. GG condition

- Instrument; SHIMADZU GC-17A ver.3

Column;SPB-624 Fused silica -
capillary - column 60 m X0.25
mm *0.25 um

Carrier gas;1.2 mlfmin(N,)

Make up of gas;75 kPa,30 mi/min{N,)
Injection temperature; 200°C

Detector temperature; 250°C (ECD)

_ Oven program; 45 min (7 min)>120°C
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B.15  PCB (Polychlorinated Biphenyl

B.15.1 Scope and application

Gas Chromatography Method is used to determine the conditions of soil, sediment, slime
and sludge. (Reference: JIS K 0093, No.127 issucd by Water Quality Control Section, Water
Protection Depariment, Environmental Agency of Japan, EPA METHOD 8082)

B.15.2 Summary of method

Decomposition using potassium hydroxide alcohol solution extract PCB in hexane, remove
interfering mallers silica gel column, and determine it using a gas chromatography equipped
with electron capture detector (ECD) or flame ionization detector (FID).

Preservation 3 The sample should stored in a dark place at 4°C and lower without
freezing; it should be analyzed as soon as possible.

Standard : Dissolve polychlorinated biphenyl standard compound in n-hexane
solution, and make the density I mg/l. As regards the selection of
standard compounds and mixing ralios, the following combinations
can be considered, however, it is of polychlorinated biphenyl and the
mixing ratios are based on the experience of operator for this test,
Aroclor 1016, Aroclor 1221, Aroclor 1232, Aroclor 1242, Aroclor
1248, Aroclorl254, Aroclor 1260, Aroclor 1016 + Aroclor 1221 +
Aroclor 1248 + Aroclor 1260 (1:1:1:1), Aroclor 1016 + Aroclor 1260
(1:1), Aroclor 1221 + Aroclor 1242 + Aroclor 1260 (1:1:1)

Calibration : Dilute the polychlorinated biphenyl mixed standard solution having a
similar patlern as the gas chromatogram of the solution which was
obtained after treating by silica ge! chromatographic tube dissolve
lest sample,- to the pattern of n-hexane. Then, measure the height of
the peak or the integrated surface area of the peak of several samples
of polychlofinated biphenyl standard solution (Aroclor) under the
quantitative énalysis condition, and plot the measuri_rig curve. The
soluiion which was obtained after proccsSihg ﬁndef .lhc same
mﬁdilions as the specified silica gel chromatographi(‘i_. tube- dissolve
test sample, shall be tested by gas chromaiogra_;;h. -'lfhen' sciect the
peak of the pattern which conforms to the peak of po.lychlori’natcd ;

biphenyl, and measure the height of the peak or integrated sur'fa_cc
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arca of the peak, and determinc the quantity of polychlorinated
biphenyl (mg/l}) from the measuring curve of polychlorinated

biphenyl solution.

B.15.3 Detection limit

Detection limit (DL} is 6 u g/l as mixture standard of Aroclor 1016 and Aroclor 1260. The

quantity of PCB was determined by taking the five highest peaks of each Aroclor. These

values, however, depend on the conditions of analysis and equipment. So check DL before

the analysis.

B.154 Remark

1)

2

3)

Preparation of potassium hydroxide ethyl alcohol solution (1 mol/l): Dissolve 70 g of
potassiuni hydroxide in a small volume of water, and add 11 of the cthyl alcohol (95
v/v%), stit it well and store it, taking care that it does not come into contact with carbon
dioxide for 2 to 3 days, then take out the supernatant iquid to filter the solution and store
it in alkali-resistant glass bottle.

Regarding silica gel of regent, charge silica gel powder which was specially arranged for
analysis of polychlorinated biphenyl into a beaker and adjust the fayer thickness not over
than 10 mm and dry it for about 18 hours at a tcmpéralur‘c of 130°C. Ieave it in a
desiccator for about 30 minpjles and usc it immcdiately.

On preparing silica gel column, pack the absorbent cotton or glass wool at the bottom of
the chromatographic tube. Wash the inner surface of chromatographic tube by 10 ml of
n-hexane and keep the n-hexane vntil the upper portion of absorbent cotton or glass wool
is completely immersed in n-hexane,

Take 2 g of silica gel into a beaker containing 10 mi of n-hexane, stir the solution slowly
by glass rod to prevent bubbles, then transfer it into a chromatographic fube.
Pour n-hexane, and after stabilizing the layer of silica gel, put 1 g of anhydrous sodium
sulfate on the silica gcl. Wash down anhydrous sodium sulfate fixed on the inner surface
of chromatographic tube with 2 m! of n-hexanc using a komagome-type pipette. Using
the same pipette type, add 2 mi of silica gel fraction testing solution to anhydrous sodivm
sulfate slowly, Open the lower cock and drain out the solution until the surface level of
anhydrous sodium sulfate.

Wash the inner surface of chromatographic tube with 1 mi of n-hexane,. and lower still

until the surface of anhydrous sodium sulfate is recached.



Flowchart of PGB {Polychlorinated Biphenyl) Measurement

by Gas Chromatography Method

Rotaling
evaporator—

Sampl_e 109

flask

— 1molfi KOH-
CoHsOH 50 mi

1 hour~[ Decompose*!

Y

Cool*?

lﬁ n-Hexane

50m!

Shake

L

Cool*®

* 3.times

_‘—“——’L‘Keep state

4

v

n-Hexane layer

Sedimgnt

n-Hexane 20 mi “‘l

Shake
v

Keep state

¥

Y

n-Hexane layer

Sediment

Glass

filter

fiber —

h 4
Filtrate

h 4

A 4

n-Hexane layer

Sediment

h 4

Shake slowly

l

—Water of
hexane extraction 50 ml

s

Y

v
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Wash

Dehydrate

v
@

n-Hexane layer Lower layer
n-Hexane ->
50 ml
Shake
* .
Keep state
, Y Y.

I n-Hexane layer Lower layer

-- n-Hexane extraction

water 100 ml (3times)

' l—NaZSO4(anhydrous)




0
!

Concentrate — Rotaling evaporator
Cleanup |— Silica ge! column

l— n-Hexane 100 mi**

Flow  — Rate 1 drop/second
Concentrate [— Rotating evaporator
Measure*®

*!:Reflux condenser and slowly boil the solution in the water bath for one hour,
*2: Add 50 ml of n-hexane, when the solution's temperature goes up to 50°C.
*3:Cool the solution down to in-house temperature.

*4: Assemble the sifica gel column prepared in accordance with the sample in the
chromatographic tube, and fix a 300 ml separating funnel and charge 200 ml of
n-hexane into the tube. Then open the lower cock and drain the n-hexane at the
rate of one drop per second. Thus a drop of n-hexane shall be recorded every 10
m!, and transferred into 20 test tubes separately. Inject 5 to 10 1 of the solution into the
gas chromatographic according to the reception of each dropdown fraction, and measure

the quantity of polychlorinated biphenyl from the data measured at the start and end
point for flow down of the chromatograph.

*5:GC condition -
instrument; SHIMADZU GC-17A ver.3
Column; SPB-608 Fused silica capillary column 30 m x 0.25 mm x 0.25 um
Carrier gas; 1.2 mi/min(N;) Gas make-up, 75 kPa, 30 ml/min{N,)
Injection temperature; 225 °C Detector temperature; 300°C (ECD)
Oven program; 160 min (2 min}> 290°C 5 °C/min (10 min)



B.16 IICB, Aldrin, Dicldrin, Endrin, DDT, Chlordane (Gas chromatography method)

B.16.1 Scope and application

Gas Chrematography Methed is used to determine the conditions of soil, sediment, slime
and studge. (Reference: Tentative Survey Manual of External Factor Endocriné Distqrbancc
Chemical Substance issued by Water Quality Control Scction, VWaler ?rotcclion Department,
Environmental Agency of Japan, October 1998, EPA METHOD 8081A)

B.16.2 Summary and method _
Extract pesticide in hexane, remove interfering malters in silica gel column, and measurc
using a gas chromatography equipped with an eicclron capture detector (ECD). This method
can be used for HCB, Aldrin, Dieldrin, Endrin, DDT and Chlordane analysis. A single
component DDT and Chlordane is recommended because it has scores of compounds. |
Preservation : The sample should be stored in a dark place at 4°C and lower without
freezing; it should be analyzed as soon as possible. |
Standard + Dissolve HCB, Aldrin, Dieldrin, Endrin, and 4,4’-DDT" (pesticides)
standard compound into n-hexane, and make a solution density of 1
mg/l.
Calibration : Make the standards for working curve step by step. Carry out _lhé same
procedure as the sample, and plot the relation curve between the

amount of pesticides and ils area.

B.16.3 Detection limit
The detection limil arc as follows. HCB 34 p g/l, Aldrin 58 p g/kg, Dieldrin 33 jt g/kg, Endrin
33 pu g/kg, 4,4’-DDT 34 p gfkg. These values, however, depend on the conditions of analysis

and cquipmenl. So check DL before the analysis.

B.16.4 Remark .

1) On silica gel of reagent, charge silica gel powder which was specially amranged for
analysis of polychlorinated biphenyl into a beaker and adjust the layer thickness not over
10 mm and dry it for about 18 hours at a temperature of 130°C. Leave it in a desiccator
for about 30 minutes and then vse immediately.

2) On the preparation of silica gel column, pack the absorbent cotton or glass wool at the
bottom of the chromatographic tube. Wash inner sutface of chromatographic tube by 10

m! of n-hexane and keep the n-hexane so as the upper portion of absorbent cotton or glass
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3)

wool is immersed in n-hexane. Take 2 g of silica gel into a beaker containing 10 ml of n-
hexane, stir the solution slowly by glass rod and remove bubbles, then transfer il into a
chromatographic tube. Pour n-hexane, and after siabilizing the layer of silica gel, put 1 g
of anhydrous sodium sulfate on fhe silica gel. Wash down anhydrous sodium sulfate
fixed on the inner surface of chromatographic tube with 2 ml of n-hexanc by using
komagome-type pipelte, then add 2 ml of silica gel fraction testing solution to anhydrous
sodium sulfate slowly by using the pipette. Open the lower cock and drain out the
solution until the surface level of anhydrous sodium sulfate.  Wash the inner surface of
bhronlatogrgaphic tube with 1 m! of n-hexane, and lower the surface until the surface of
anhydrous sodium sulfate is reached. |

‘This ana.lysis method can be used for Chlordane. A single componcnt Chlordane is

recommended because Chlordane is a compound. The number of compounds, their

respective concentrations and retention times have to be confirmed in case Chlordane is

selected as a standard mixed éompound.

F'!owchar’.( of HCB, Aldrin, Dieldrin, Endrin, DDT, Chlordane
 {Gas chromatography method)

rlask With . sample 20 g 58 .| Filtrate
~ground.. - filter |
stopper | l-—Acetone 50 ml v 1
Shake 20 n-Hexane layer Sediment
l minutes ¢
Keep state Concentrate Rotating
_ : — : evaporator
¢ : | * —2 % NaCl 300 ml
: ' —n-Hexane 100 ml
Acetone layer Sediment
. o Shake —5 minutes
. Alitite water.
Acetone 50 mi- o ¢ -
30 1 Shake ©
minutes -




0
Y

Keep state
Y Y
n-Hexane layer Lower later

n-Hexahe 100 mt—

80 |  Shake
minutes ;
Keep state
I
L 4 Y
n-Hexane layer Lower later

v — Na S04(anhydrous})

Dehydrate
— | Rotating
Concentrate evaporator

v

Clean up*' |- Silica gel

column
~—n-hexane 100 mi
\ 4
Flow - Rate

1 drop/second

v v

Clean up n-Hexane layer

—2% Acetone
n-hexane 100 ml

Flow —Rate

| 1 drop/second

-

Concentrate |._Hotating
¢ evaporator
Measure*®

*.  Assemble the silica gel column
prepared in accordance with the
chromatographic tube, and fix a 300 ml
separating funnel and charge 100 mi of n-
hexane into the tube. Then open the lower
cock and drain the n-hexane at the rate of
one drop per second. Thus drop of n-
hexane shall be collected every 10 ml, and
transferred into 10 test tubes separately.
Next charge 100 ml of 2% acetone n-
hexane into the tube. Then open the lower
cock and drain the 2% acetone n-hexane
at the rate of one drop per second. Thus a
drop of 2% acetone n-hexane shall be
collected every 10 ml, and fransferred into
10 test tubes separately.

Inject the solution 6 to 10 u i into gas
chromatographic  according to the
reception of each dropdown fractions, and
measure the quantity of polychlorinated
biphenyl from-the data measuréd at the
start and end point for flow down of the
chromatograph.

*2.GC condition

Instrument; SHIMADZU GC-17A ver.3
Column;SPB-608 Fused silica capiilary
column 30 m x 0.25 mm x 0.25 um

Carrier gas; 1.2 mlfmin(N,)

Make up of gas; 76 kPa,30 mi/min(N,)
Injection temperature; 225°C
Detector temperature; 300°C (ECD)

Oven program;

160 min(2 min) =>290°C 6 °C/min (10 min)
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B.17  O-P (Organophosphorus Compound)

B.17.1 Scope and application
Gas Chromatography Method is used to determine the conditions of soil, sediment, slime and

sludge. (Reference: Notification No.46, 1991 of the Japanese Environmental Agency)

B.17.2 Summary and method

Extract organophosphorus compounds in hexane, and then measure it using a gas
chromatography equipped with an flame photomeric detector (FPD). This method can be
taken for EPN, methyl parathion and parathion analysis.

Preservation : The sample should be stored in a dark place al 4°C; it should be
analyzed as soon as possible.

Standard : Take 0.050 g of parathion, dissolve in a little acetone, transfer it into a
100-ml volumetric flask, and add acetone up to the marked line. This
concentration is 0.5 mg/ml. Preserve it in a coel dark place, but do not
use il after a month.

Calibration : Make the standards for working curve step by s‘tcp. Carry ;;njt the same
procedure as the sample, and plot the relation curve between the

amount of parathion and its area.

B.17.3 Detection limit
Detection limit (D1) is 49 g g/kg as Parathion. This value, however, depends on the

conditions of analysis and equipment. So check DL before the analysis.

B.17.4 . Remark N
1) Benzene and dichloroethane can be used for the extraction pretreatment instead of using

n-hexane.



Flowchart of Organophosphorus Measutement by Gas Chromatography Method

—Water of extraction
hexane 10 ml

— Acetone 10 mt

-— n-Hexane 40 ml

. 4
Shake — 30 minutes
¥y .
Keep state
n-Hexane layer ‘Sediment
state . : .
n-Hexane 40 mi—
Acetone 10 ml —
3_0 — Shake
minutes
L 2
Glass Filtrate
fiher 7
filter
4 4
n-Hexane layer Sediment
s§ate
“"N&zSOq
{anhydrous}
“Dehydrate
Concentrate
Measure*!
B

300 ml
S le 1 |____separating
ample 10 g funne!
—HCI 5ml
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*!: GG condition

Instrument; SHIMADZU GC-17A ver.3
Column;SPB-608 Fused silica capillary
column 30 m x 0.25 mm x 0.25 um .-
Cariier gas; 1.2 ml/min{N,)

Split; 1:10 '

Make up of gas; 75 kPa,30 mllmln(Ng)
H. gas; 100 kPa Air gas; 100 kPa
Injection température; 200°C

Detector temperature(FPD);

Base 250°C Head 150°C

Oven temperature; 230°C
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