CHAPTER 1I

LITERATURE REVIEW

2.1 Mercury

2.1.1 Physica Properties:

al~th3 kists in liquid form

at normal temperat¥re @ /¢ham \: is Hg with atomic

no. = B0, atomi \\ S“number of stable

isotope is 196 \\ cies, +1 and +2,

38.9 C and 356.58
(o}
C respectively. er of elements of

group 2b. The density' 1414 546 .ém. (liquid) and 14.193

—
g/cu.cm.. (solid). form hundreds of

compounds in 5— 1:4' alkyvl compounds
or aryl ccmpouncg. as &5 own individual
property (Goldwater ., 1977 and £ensidine ed. 1976). Com-

pounds fomﬂ U ANYDINYNT strone cova-

lent bonding {Hutchinson anti Meema, &ds, 1987) aMercury can
be fourtl I rbbkSlank bitnadubts look ik Yl o 1vet,
about 6(? ppb., except in volcanic rocks [Lawsr, 1981). More
concentrate 1level of mercury can be found inl sediment and
living organisms but lower in water. The natural transforma-

tioﬁ cycle of mercury was shown in Fig. 2-1.
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2.1.2 Source and occurrence

The world's major source of mercury is Almaden in
Spain in Europe. In north America i.e. Canada, Mexico, USA
{California and Nevada) are Kknown to be potential sources of

mercury (Goldwater, 1977). The highest consumption occurred

in the USA., about 30 % ofi tatal product. Cinnabar (HgS) is
_ ‘ ‘ for mining or smelting
for commercial . gt.ra@fm, especially in
water phase, low leue i1y ofe -“_”;-': d which is caused
'won suspended parti-

cles which settle rg@pidl@§ ry contamination in

\

natural waterway is
\:\ e. The difference of
t

*w streamly, even in
the case of industrigs'
acidity, temperature 1, natural chelating
agent and volume of__;j*'i iomphave some influence on
adsorption procgss, W iiii :ii mercuriall compounds, espe-

o
cially methyl ﬂ:- e the underwater

sediment. Here, mé' vlation occur with e help of microor-

ganisms. Norﬂﬂ,ﬂ%ﬂﬂﬂ §w31W?n deep sediment

layver exceptq]from disturbance such as dredging or turbu-
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2 1.3 Uses of mercury

Mercury is used for a great variety of purposes,
including industrial and agriculture applications, as well
as for scientific research and in medicine (Laws, 1981).

Some uses are outlined below:



Electrical apparatus
Mercury is wused in neon 1lights, arc rectifiers,
transistor radio batteries, fluorescent lights and highway

lights. Mercury is a major component in the so-called silent

Y ’w and caustic soda (NaCH)
- a Cﬁ in an electrolytic
, ; y

process by which chierd ir ;-{;\EE%\;‘-xide are produced
from a solution of w?}r o ;Fﬁgaig gdach ton of chlorine

or sodium hydroxide

switches.

Production of chlo

Mercury 1is

-900 g. of mercury

are consumed. Rapif ali industry and

the increase in demghdfor hish“quality Of sodium hydroxide

used in the produg ase the demand of

mercury in the process. fﬁﬁé[;ra of sodium hydroxide and

r " '
chlorine (mercury -r;-*'fﬁgv%ﬂﬁ" glass, paper, petro-

£
1=

leum, detergent a;*;U--~*~"w-" : lfj

ot
Becau E}E Hqt?ly Wiﬁjqﬂr y is used as

a component of ant ‘puling and mildew-proofing
o

s YT IR I TRy

as shower frooms, laundries, basements, seashore homes, etc.

Measuring devices
Mercury is widely used in measuring devices such as
thermometers and manometers. When such devices are broken or

discarded, there is a good chance for mercury leaking to the

environment.



Dantaf preparation
Mercury is combined either with silver or gold to

form amalgams used in dental filling.

Catalyst

Mercury is used as a catalyst for various chemical

reactions. One of the most IMPOr oMty uses is in the produc-

tion of PVC.

General labo
In researc 1hETE vy UE ) forms of mercury are
used for various pufpgfdel WaSte merbury from such uses is

almost always disdarf=- w:”kif an 1 Fcled.

Amalgamat ion /& fidation of metals
Mercury will \ Aalmost all other common
metals (except iron & form..a fusion product
“called an am&l{#f::TTTf?_____________iFE be applied to
purify metals, by igpar: 1Q v through amalgamation from

their nonmetal contaminants. This technique is wused, for

example, to p%u&ahnﬁinsiw %}1:1] mnum'
AR RIS EUNT PRI B ororee-

ceuticalsfand paper and pulp industries. But when its highly
toxic property had been realized, the human-related applica-_

tions were partially to completely inhibited.
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2.1.4 Toxicity

The level or effect of mercury toxicity will be high
or 1low, acute or chronic, depends on its chemical form.
Inorganic mercury if it swallowed, 98 % of the content will

be rapidly excreted. Metallic mercury will not give an acute

1] its will produce severe
1 A;curic chloride, this

gastrointestinal tract,

t"fﬂk' -Fﬁéié rv vapor will also
‘,.‘ ; {Cﬁh\\\

\ NQ\L organic mercury are
(]

toxicity but mercurial
acute toxicity. Typi
compound will
liver and kidney.
directly attack brad

The three

phenyl mercury, mg alkvl mercury, among

which, alkyl mercury the 1:ﬂx <1 form. The most common

toxic one is methyl The formation of this

compound in nature is hanogenic bacterias and
molds that live i tnderwater sediment. .5;- (1972) had done

an experiment andrfd ganisms which can

self-synthesize the .yitamin B-lz can also synthesize methyl

mercury. Thiaﬁ:‘ﬂ:%%ﬁ%%%m ﬂﬂé’s of mercury to

ionic mercury, , and }ransform to methvl nr dimethyl
form asq Wq Mﬂ ﬁw %ﬁﬂéﬁiw E}?ﬁﬂcan occur
both in f eshwater and seawater. Such a process can occur in
intestinal tract or fish's skin where play host to methano-
genic bacterias. About 30 % of total mercury found in water
and 80 % of the total found in fish body are methyl mercury.
In some cases, non-bioclogical methylation may occur in water

with high concentration of iron and manganese. Slightly
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acidic water can enhance this non-biological methylation
(Lindburg et al., 1987).

Fishes can absorb and uptake various forms of mer-
cury into their bodies,’ but methyl form is the most
ready-to-penetrate form. Methyl mercury can accumulate in

red blood cells and fat tis s because methyl mercury can

dissolve 1000 times ir han in water. It, also,

can accumulate in mu and central nervous
system. Phenyl half-life 1in fish
body, but methyl Ofie ethyl mercury will

degrade to inorgé 'tion. The concen-

tration of accumiils 1 me \w ~ s bn exposure time,
age, size, speciesfand se \ lividual organism to
the substance. But i Ferent 'V ions, feeding behav-

.ﬂ"""' i a- _
ior and metabolic rateéiare - jor

factors of mercury
accumulation in f£ishes (D*itrd ¢ Btri, 1977).

From n_";(l“""'“ : was found that
the rate of methylmnerc or un@r anaerobic condi-
tion is better than®im, aerobic aondition. So, the influence
factors of @Mﬂ’lmﬂmwﬁﬂq'iljﬁm type and
volume of bacteria are volme and ehemical fﬁ:ﬂf mercury.

onder Bl MhohANEhabd W cdedel| bl

ion can rapidly settle. Pseudomonas K-22 can decompose

mercuric

organomercurials to megallic mercury where evaporation to
the atmosphere can occur. Rats can transform methyl mercury
to inorganic mercury in brain cell and death fishes can,
sometime, transform monomethyl mercury to dimethyl form

which can penetrate, in gas phase, through the fish skin to



12

the air (D'Itri & D'Itri, 1977).

2.1.5 Standard

WHO (1985) have set the permissible level of mer-

cury in drinking water less 0.001 mg/L.

2.1.6 in Japan (Laws, 1981
a3 _J_
and D'Itri & D'Itri, "'—"

Minamata \\\\\\ dastal indentation

\ Sea = (sometimes called
1 \\\\

\R weéstern part of Ja-
&‘ 1 2). About 100,000

persons depend in fpart ;"'\. from the sea as a

on the eastern s
Yatsushiro sea),
pan's southern isl
source of food. People O& the average between 280 g.
of fish in the winter "and- 410 ¢ he summer per person
per day. y——s'ﬁ

In 1907 qu

Corporation built afdfactory in Minamata. Although the corpo-

ration was ﬂua&l ’Jimcﬁl'm ﬁ-mga ﬂ'nihe manufacture

of fertilizer and carbide products, sthe compang/soon expand-
ed intcﬂtﬂ%ﬁﬁ&ﬁm um:-]!gimﬂ;]'laﬂstics. In

1932, the plant began using mercuric oxide (HgO) as a cata-

Yy of e present _Chisso

lyst in the production of acetaldehyde and vinyl chloride.
It is not clear how much mercury the plant dumped into
Minamata Bay between 1932 alnd 1968, when discharges were
finally terminated, but one estimate has ﬁut the total at

between 200 and 600 tons. Presumably the greatest mercury
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Fig. 2-2 Location of island of Kyushu, Minamata, the
Chisso factory and Minamata Bay.
SOURCE: Laws (1981).

13
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discharges occurred during the 1950's when production at the
plant was apparently at a maximum.

The first reported signs of trouble involved animals
rather than humans. Cats, which were fed in part on fish

taken from the bay, began to go mad and die. By 1953 some

dogs and pigs were dying ih @ ilar manner. The sickness

‘/) of coordination and
_j
q{l‘sms also began to

and seaweeds were

\"l’- 211 _“;
ﬂhsgﬁﬁakand dead fish were

and even ocout into

was characterized by z;_,ai‘i
convulsion. Effects
appear during the ea
killed off in certg
found floating on
the Shiranui Sea. w\nued to fish in the
bay and to eat it.

The first regPrt 7 a human affected by the
diseases occurred in apr'hfjif'f “«;nra 5-year-old girl was
brought to the pediétrics d t the Chisso Corpora-

tion's Minamata ffering from symp-

|
toms of brain damage, including delir‘i-. disturbance of

il ek 2 o
~ suffering frem he same 1956 Dr.Hajime
Hosoka\qq W)orﬁﬁ ﬁ\?ﬂj ﬁlﬁ] ﬂﬂm ta Public

unclarifie

Health Department as sease of central
nervous systems has broken out."®

In 1956, a research team from Kumamoto University
was appointed to investigate the cause of sickness, and on
October 1956 this group reported that the disease was not

infectious, and in fact was caused by heavy metal poisoning
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associated with the eating of fish and shellfish from Mina-
mata Bay. The government issued only a warning, instead of
banning, that eating fish from the bay was dangerous.

In fact, the effluent of the plant contained a
variety 'of metals, including manganese, thallium, arsenic,

mercury, selenium, copper and lead, so that it was far from

clear which metal or c metals was the cause of

the poisoning. Init thallium were sus-
pected, but the -*re fail. Until a
résearcher discoves wpathological finding
in cases of minamaf@ g V'fib'“a-f}n§v dth certain cases of

methyl mercury pgesafing '} =\£‘#'n=;and in 1940. Then
they found that fegfligt A ’_;, er n>\~o cats did reproduce

AN

estigation of the bay
revealed that mercuny o'sediments of Minamata
Bay were on the order & (wet weight) and con-
centrations in?% i; --------- _-_:-*-:::::.-.:;.u.:.-..;j age canal 'ranged
as high as 2000 ﬁfm. H-ish and shellfish
sampled from the pay ranged from 5 to 40 ppm. wet weight

o i SN G A ot o0 o

ppm. ). At tha time the Chisso maintained that their Minama-
o pochl BEAGHETII 9410 Y1) Bebdory vonne-
tion, since the plant used only inorganic mercury in the
production of acetaldehyde and vinyl chloride. However,
analysis of sludge from the plant revealed that it contained

methyl mercury chloride (CHSHQCI]. indicating that the

inorganic mercury used by the plant had been methylated

either prior to disposal from the plant.'or in the sediments

018821
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after disposal, presumably the result of methylation by
microorganisms.

After 1959, the victims of minamata disease incredi-
bly died down for several years. By 1962 there were 121

verified Minamata disease victims, including 46 dead. 1In

the city of Niigata. Thé Source/ofsPollution was found to be

an acetaldehyde plambwope 4 ~thesShowa - Denko Company

ﬂumwmwmm
QW'lﬁﬂﬂ‘iﬂJlIWTmmﬁﬂ
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2.2 Cadmium
2.2.1 Physical and chemical properties:

The chemical symbol of cadmium is Cd with atomic

number = 48, atomic weight = 112.40, melting point and
o) o
boiling point = 320.9 C anq 6 C respectively, density =
2 A
8.65 g/cu.cm. (at 20 C)

f the member of elements
of group 2b. The o is +2 with natural
occurring isotope whereas llacd is
unstable. Cadmi 1s. ~53; > 'Wh“u hot dilute HC1 or

H 50 and more
2 4

not form stable

alkyl compounds or nic metal. The range

of solubility of ca  ite widely. Haloge-
nated salt, sulphate ;Eyiiid ares readily soluble while
oxides, hydroxides and #W»" cadmium are insoluble.
Cadmium has a ;L}__f ressure, so &sdnium oxide -in a

Q?

v
form of high tO¥ic (Doull, et al.,

1980 and Considine ed 1976).

oo A UBY mmﬂ'm‘i
QAT TAMHIY I P Bfer. on

200-300 '®ppb., in earthcrust. Normally, it can be found
together with zinc, zinc sulphide ore and partly from lead
ore. Wastewater from mining or smelting plant mny' disturb
the environment and downstream agricuitur&l zone. The smelt-
ing of zinc ores vyields cadmium és a by product. The major
producing countries are the USA, USSR, Japan, Canada, Bel-

gium and France.
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Cadmium can pollute the environment bv the manufac-
ture of cadmium-associated products. When those products are -
discarded, it can contaminate the environment in the form of
cadmium waste. Generally, only 5 % of cadmium is recycled

due to the difficulty found in recycling process of cadmium

it will go to soilﬁ=:—k ‘“ﬁﬂﬂzar (Hutchinson & Meema,

dmM ,mer, do not give much

envirenment are in a basic

1987). The disposa

condition or evengieufréll Becaus admium in basic condi-
tioo is highly insoffulf 4";;2'Ie V. leached under acidic
: ntents of humic acid
(Laws, 1981).

Cadmium C& afiety of purposes as

-'vt"'?‘. 2 ‘
-

followed: (Hutc nd _'Bws, 1981)

1) Electr‘-lating: a thin layer of cadmium is depos-

ited by eloﬂrﬂﬂuat uwmﬂﬂjnf steel, iron,

copper, her alloys to prevent corrosion It
e N ST R T R e o
oorrooﬂ resistance to tropical atmom:] saltwater, and
alkali substances. It should be noted, however, cadmium does
dissolve readily in acid solutions, including weak acidic
solutions such as fruit juices.

2) Pigments: certain cadmium compounds are used as

coloring agents in a variety of products, chiefly in plas-
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tics but including coated fabrics, textiles, rubbers, glass,
paints, enamels, ceramic glazes, etc. Cadmium pigments are
heat stable, do not bleed, resistant to degradation by
light, basic substances and hydrogen sulphide.

3) Plastics stabilizers: mixtures of cadmium and

barium combined with organic,agid are used as heat stabiliz-

ers 1in plastics to retard gtion due to elevated tem-

peratures.

4) Alloys 1c f m™have found uses in a

\\\\\ﬁ

variety of appl ( x;; production of low

melting point allo qd plastics, safety
plugs in compress

5) Nickel- »-‘r um is used as the

anode in nickel-c hese batteries are

-.
rechargeable, have a I:fg== & 2 and 1low self-discharge

rate, operate over aswide temper ange, and can deliver

maximal currenti}g““‘“"““'”” | 53 The disadvantage
of these batterﬁas are thei o znera@ density and high

cost. They are uéed as a seabed cell in communications

sautprence, fbl4blcd UtVd WIS are veea un
diesel q ﬁnes and in varfous aviation and military equip-

TaNNIUNNINETNE

ﬁ] Miscellaneous: Cadmium is used in certain pesti-

ments.

cides both in agriculture and non-agriculture applications.
Due to its effectiveness with respect to neutron absorption,
cadmium has been made control rods for nuclear reactors. It

is also a component of the T.V. tubes, luminescent dials and

etc.
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2.2.4 Toxicity

There are several similarities and dissimilarities
between cadmium and mercury. Like mercury, cadmium is not
required even in small amounts for the maintenance of 1ife.

2+
hemical species, Cd , is

//Ee efficiency of cadmium

Unlike mercury, only a sin

believed to exert a tox

absorption by the in out 5-6 %, comparable

to the low efficie; organic mercury by

the intestines. pdency of calciﬁm.

protein or iron “@bsorption efficien-

cy  of cadmium. levels in wvarious

sources has indica ingest about 45-80
ug/d of cadmium frc

they drink and 0.02-¥¢

2.5 ug/d from water

he air they breathe

(OECD, 1975 and Friberg st izal,, ited by Laws, 1981).
Although [SHiest—aii-eorgans-canaiisorb some cadmium,

M

the highest concerﬂ'a : @ found in liver and

kidneys, and someyhat lower cqprentration in spleen and

sancroe. nodbld BJUFEJ A SIVEE MR ot comtun 1

found in the lqver Unlike mercury, Ladmium apparently does
ot arfp U R T BARAMLFBRE] o cnas
poisoning of the fetus is not of such a great concern as is
the case with mercury. But in fact, ingested cadmium has an
extremely long half-life in the human body, apparently about
16-33 vears. As a result, cadmium can be an extremely insid-
ious and ch;oﬁically or acutely poisoning of cadmium may

occur by small amount of accumulation over a period of time.



Once absorbed by the body, cadmium tends to be
concentrated in the liver and Kkidneys on a 1low molecular
weight protein called thionein. This protein contains large
numbers of sulfhydryl groups which attract cadmium as well

as other heavy metals. The metal-protein complex is referred

to as metallothionein. Binding héavvy metals in metallothio-
efense mechanism, in
th that th ' @ £ interacti
e sense e =4 rom nteracting
with crucial enzvme =

The most sepd©

n poisoning usual-
ly involve damage gfo ticularly the renal
tubules. The sympt@ns f':’lflﬁx Pvated, urinary levels of
protein (proteinuriaj -Zwif-‘{{ n.\IN, more severe cases

there may also be afl ificrease ©f g@lucose in the urine

(glucosuria) and of alkgiing phesphatase in the blood.
Extreme cases @ficadmium poisoning are.associated with. a
Vo X
softening of th:’?ﬁ. Ser by disruption of

calcium-phosphorus™balance in the renal tubules {DECD, 1975

o G ANINANEIND, o
S LA UR LR 1) g

based on the assumption that an accumulated cadmium concen-
tration of 200 ppm (wet weight) in renal cortex represents a
critical or threshold level of cadmium in the kidney. Assum-
ing that about 4.5 % of ingested cadmium is initially re-
tained in the body and that about 0.005 % of the cadmium

stored in the body is excreted each day (corresponding to a
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half-life of 38 years), they concluded that a cadmium intake
of 400-500 ug/wk. should lead to a renal cortex cadmium
ievel of no more than 50 ppm by age 50. (FAO/WHO, 1972 and
OECD, 1975 cited by Laws, 1981).

2.2.5 Standard

The maximum tolerab] !- of cadmium from food-

stuffs, for

e e 1 ug!kg of body

.»jf: Lo fday (Hutchinson &
N

E\ih‘a ~d for cadmium is

weight/day. FAO ha
Meema, 1987).

The EPA's
less than 10 ppb. ommended its level

in drinking water Laws. 1981).

2.2.6 Tragedy Itai-itai disease in

Japan (Laws, 1981).

In 19554 /he tuo Japal Gikns reported the

ase 1in tﬂﬂ Jintsu River Basin
of Japan near_the cit® of To 2-3). The disease was
characterizeﬂt 3 ?]iﬁ ma’lf] iints and lower
abdomen hjﬂ ait, kidney
1esionsqqﬁejlﬁ€h§ ﬁiﬁﬁy ;Lm from the

bones leading in some caseés to multiple bone fractures

occurrence of a mdgterio -3

(Yamagata & Shigematsu, 1970 and Emmerson, 1970 cited by
Laws, 1981). Discussion with local doctors revealed that
symptoms of the disease had been noted in the region as
early as 1935. The disease was seemed to be confined to post

menopausal women who had experienced multiple pregnancies in
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Fig. 2-3 Locatigh fof Toydma Cith ahd Jintsu River Basin.
| s - | Il\ I'l,_
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' their earlier lives and who had lived in the region for all
or most of their lives (Emmerson, 1970 cited by Laws, 1981).

Initially, some doctors suspected the disease was
caused by a local malnutritions as the victims were largely

confined to a peoor farmers. However, observations were made

also that there might be othé ses and the fact that the

Mitsui Mining Company :a-";EQ tream of the affected

r, éwperated since 1924
were noted. The min . \K -ad and cadmium and
until 1955 had rout \\ﬂﬁah r-stewater into the
Jintsu River. Occagfoge

[ ’.m'.... \

i \
the disease, but zific i ,.-'5_ oXD

region on the Jints

ooding resulted in
*sludge's being washe \\\

Initially z

as being the cause of

riments with animals

failed to produce the ItiFﬂtE:? mptoms. Analyses of metal

LR %)

S A e s

concentrations ;y ims' JJﬂ affected rice
revealed that caddl B3-100 times higher

than in control ﬂ-amples. Zinc were jﬂktle different in
affected ri nes, about two
orders of ma tude warmtﬂmm‘Eim and zinc or a
combinaquwa-fﬁqm A-Ta 833{111‘15 on
rats could produce bone ﬁeneraojmrgllar to Itai-itai

disease.
The studies of cadmium concentraion in the Jintsu
River system found that most of the drainage water from the
. mine was weakly basic and in such water cadmium is highly

insoluble. So, the cadmium runoff was transported in a
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particulate form. Filtered water samples from the river were
found to contain less than 10 ppb of cadmium, lower than WHO
guidelines for drinking water. However, analyses of suspend-
ed materials in the river above and below the mine revealed
roughly as high as eightyfold increase in cadmium concentra-

tion (Yamagata & Shigematsu, 1970 cited by Laws, 1981).

In 1955 the HF{;% f ne built a dam to retain its
wastewater in a lagecl Si \ me the incidence of
3 >
Itai-itai disease , and evidence of
damage to crops Has (Anonymous, 1971
cited by Laws, gis, it has been

estimated that inhkét s probably ingest-

\

-.\\i\hrr to 1955 (Yamagata

k. \\. ). During the period
sons were afflicted with

ing at least 4200
& Shigematsu, 1970
of 1939-1954, approxifatéty
this disease, and of o died (Anionymous, 1970

cited by Laws, ;fu‘———'_l,;'-‘

.m ]
ﬂ'lJEl’J‘VlEWIﬁWEI'm‘i
’Q'ﬁqﬁﬂﬂ‘im Nﬁqﬁﬂﬁlqﬁ t)
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2.3 Manganese

2.3.1 Physical and chemical properties

The chemical symbol of manganese is Mn. Its atomic
number is 25, atomic mass is 54.9380. It is one of the
member of 7b group of elemen periodic table (transition
metal). Its melting poinf amc ing point is 1224 0c and

o
1962 C respectively.

.3 g/cu.cm. {as solid)
o

and 7.21 g/cu.cm 20 C. The common

oxidation state
50 57
Mn - Mn , al¥™o - " are radio-isotope

2 are 8 isotopes,

(Considine ed. 1 - £ha Tr;;if,; 88). Manganese 1s
AHAY \

one of the important efntts“for, 1@ organism but only

|6p connective tissues,

bones, carbohydrate nriﬂu- ﬂ bolism and reproductive

eI
system. Human neg *nfhafi,ﬁ' se per day for adults
and only 1.25 mg]ET"-~—~-~"A“~ h ‘ig=n estimated that
we can intake m.ar&ne gis .«’dmrm our foodstuff
and 10-50 ug/d from drinking water (WHO, 1981). Mandanese

can develop ﬁluaﬂ’a mrﬂmlﬁw ﬂmﬁ especially in

iron—containing water (Sawyer and MegCarty, 1988).

IRIAINITUNAIINGTNY

3.2 Source and occurrence

Manganese can be found in earthcrust in forms of
oxide; sulphide, carbonate and silicate compound. The high-
est proportion of manganese can be found together with iron
ores at 50-350 g/kg. The present‘of manganese in earthcrust

is about 1000 mg/kg.
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Both soluble and suspended manganese can be found in
natural water. The analytical of manganese is mostly express
in term of total manganese. Manganese in surface water in
the lake of the USA. was around 0.02-87.5 ug/L (mean = 3.8

ug/L) and the determination of manganese level in 37 rivers

in the UK was found 1. 9/L. Seasonal change can be

will decline in winter.
_J

@f mg/L, can be de-

tected in discharggd™iater) from mandanese mines or manga-

nese-related indug#f g =;}§§h:::§

5.8 A% \
water in the USSR ufis found=+o bLa |

affect to the level of m

The high level of

omposition in ground
2. ug/L and 0.55 ppb by
average in Japan's réated water for drink-
ing in the UsA, mafiadnese washfound\from nil to 1.1 mg/L
with the median at 5 § —-" #oPe than 97 % of samples have

manganese composition ."._--‘#. 00 ppb. Manganese composi-

tion in German'g)g g wat ig/L (WHO, 1981).

2.3.3 Useg of manganese m

‘a v

vancfihn £ 1{e) bE1Y L3 GE hFlode of purposes.
Manganese is‘u used in thedproductien of allaeys, iron and
Steﬂls-ql‘ﬁa‘&ﬂ nilm New'r] %mqaiﬂ of pesti-
cides, gs- depolarizer in Leclanche dry cell batteries
(Kemmitt, 1975), pigments medicines, fertilizers, dves and
as a catalyst in various chemical industries. Over 90% of
ma'nganese produced in the world is used in the making of
steel, either as ferromanganese, silicomanganese or spiege-

leisen. Manganese is also used in the production of non-
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ferrous alloys, such as manganese bronze, for machinery
requiring high strength and resistance to sea water, and in
alloys with copper, nickel, or both in the electrical indus-
try. Many manganese chemicals are used in animals feeds,

pharmaceuticals, dyes, paint dryers, catalysts and wood

preservatives. Some of th contribute to environmen-

tal pollution (WHO, 19%
2.3.4 Acc

In aquatic MO0 | cyele is more familiar
than iron cycle. Mamge Q’i L“‘;' th‘i eglement in water which
plays role as cofagfo - in plants and ani-
mals. The experime; e blooming of blue

green algae and freshWwe ometimes have been con-
trolled by the natur:n int of manganese-level. In
general, mangaru nla -;f i-'"' slenflay supporting the
algal blooming ift

1983).

dman and Horne,

et M S 2

pvrolusite orfmanganese dioxide {Mnﬂ ) which is insoluble in
-conaimcn aﬂﬂ imﬂmgmﬂtm lﬂan trans-

form to soluble form {Mh } under the strong anaerobic
reducing condition. Reduced manganese can maintain for a
period of time in aerated water under the pH less than 9
condition (Sawyver and McCarty, 1985).

The distribution of manganese in various organs of

human is shoun in table 2-1.
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Table 2-1 Manganese in human tissues.

Kahos et al. [192:0) Tipton & Cook (1063) = Kitamura (1974)
T {emission spectrcscopy) (emission spectroscopyl (atomic absorption)

sorta —_ .11 —

brain 030 027 0.25
Iat — — 0.o7
heart 0.2 o2 013
intasting 0,35 —_ —

kidnay 060 090 0.53
liver 205 1.30 1.20
lung 022 0.18 021
muscle — 0.06 0.08
ovary — 16 0.19
pancreas — 0.74
splean — 0.Ca
lastis - 0.20
rachea - 022
rib 0.CH

s Values calculated using 1he Zilyen as

and tha median walue
ol manganese in ti

Table 2 various forms of

Campound Refarence
nesa
m. Data (1960)
manganese mouse 5i & Vitvil
chloride rat Hmmlﬂﬁ. i

raradze (1881)

manganesa | e amoto & Suzuki,
sullate o e SRR — Ly o

manganase ' < amamalo & Suzuki

nitrata

potessium mduse LICUtangaL i | Pate

parmanganate N -' i1 oral Sigan l Vitwi

oral Sigln & Vitvie 1.9?11.
qui‘ cral Sigan & vlwieuu 1871
I.F'

ﬂJIl "'1 a {3 |I
mnuu. ma'a intrapariloneal Buzu‘nti at al. 15;
mausa, famale !ﬂriigrilnnul Suzuki et |

N

SOURCE: WHO (1981)




30

For an average man with 70 kg. body weight will have
10-20 mg. of manganese in their body. Manganese can be found
in liver, pancrease, renal and intestine. Manganese can also
be absorbed to nervous system. Its half-life in human body

is 37 days but longer in brain. The major excretion of

fluid, so that most of inor-
i# rough the feces together
with bile fluid.

2.3.5 Tax?
The manga - nd only in contami-

nated water from

manganese is the role of bil

ganic manganese can be

\\ 2, 1983). The acute

toxicity of vario s of ' are shown in table

\\

Divalent mangfnége is ¢ oxic form with its toxic-

2_2!
ity is higher about rivalent form. Manga-
nese particulats: ’ﬂ;:f—“-'--‘ 3 ﬂ the easiest way
uptaken to human. m m

The manganege toxicity to human is chronically where

prain {cemﬂwq w@w@w@mﬁgtmt o s

tacking. Wor rs in manganese mineg, and manganese-related
industrias | nb Ghrddth bindant <4 ’1@ ﬂ&lﬂaﬂj&h of time,
supposed to be affected by the toxic of manganese.

The toxic organic manganese can be divided into 2
groups. "Maneb" (Manganese ethylene-bis-dithiocarbamate) is
the fungicide in plant. Manganese tricarbonyl is another
group of toxic organic manganese. This compound is used as

anti-knock in unleaded gasoline, instead of lead. Low amount
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of it was released after being combusted in the engine. This
compound can rapidly denature, by the stimulation of sun-
light. Only closely related workers may be affected.

' The manganese toxicity experiment on rats, by epi-

dermal injection of manganese dioxide, showed that the

lethal dose 100 (LD )

) se was 550 mg/kg of body
100 .

weight. The effect o sty is the disturbance

of breathing, lives The prior studies
did not find the™ Janese toxicity by
ingestion, but foufd

Although, W@t manganese toxic-
ity on human was i--‘( T ,ﬂkﬁ;" ‘\Rajaravanont (1982) and
Doull, et al.,eds. ‘ > manganese toxicity
on human, in case of éxt¥emeiy expdsed to both ingestion and
‘ on two major sﬁstems:—

inhalation, showed the chfen:

1) {#3—nervous-systemscanbp divided into 3

stages. m

- Initial stage: Dy first 6-24 months. The

distine mﬂummmwmmm, nasculer

weaken, deny of foods.

AR aﬁmmumm&l Fohbhas pate,
speech disturbance speak without different tone, convul-
sion, masklike face.

- Last stage: The symptoms aare psychiatric
disorder, difficult in walking speech disturbance, retropul-
sion or propulsion and Parkinson-like syndrome.

2) Respiratory system: Thig symptom was the effect
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of manganese-inhalation. The obvious symptoms are catch a
cold, coughing, improper respiration, manganese pneumonitis,
epithelial necrosis. Avoidance of exposure for a period of

time may reduce these symptoms.

2.3.6 Standard

The allowable Hp"Ll anese in water sources

for treating as dri ess than 0.05 mg/L.

AULINENINYINS
ARIANTANNINGIAY
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2.4 Related works.

-

There are several related works being done by Thai
and foreign experts and researchers some of which will be
mentioned here, leachate characteristics, heavy metals

contamination in some waterwayvs and basins etc, But there is

no any similar work done at |tllg same parameters and loca-

tions. So, it is very {if alt are our results with

solid waste 1legBhéte charactistics ahNbng Kham disposal

site. The results s

Tvpical value

Total BOD ﬂ%ﬂﬂﬂﬂﬂs@%&ﬂﬂ‘i 635

Total COD (mg/L) 6313-1Q060 8140

pi quﬂﬂﬂ‘iﬁumﬂﬂ’m&?ﬁﬂ“

S5 (mg/L) 490-855 630 :
TDS (mg/L) : 18700-25100 22300

TS (mg/L) 19200-25800 22900

Pattamapirat (1989) had done the research on lea-

chate characteristics at On-nuch disposal site. The related
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results are:

Range
BOD-5 days (mg/L) 178.2-1881.1
COD (mg/L) 980.7-9214.6
pH 7.0-8.6
58 (mg/L) 81.9-2732.0

TS (mg/L)
Mercury (mg/L)

It has been ’.‘;ajj/
case 1is very high#he DM

exceptional case

sured mercury of this
xﬁother works. This

and cannot be pre-
dicted.

Sheu Jenn-Héing i. 30 ) had udied the leachate

characteristics from © site. The results are:

Typical value

BOD-5 days [’!ﬂ}- A 120
ﬂ;

. COD 442-1866 - 1640

= ﬂy@gmm‘ﬂ‘ﬁa'm il
*a“*m FINS U TN A Y=

ang Tung Nien (1988) had studied the 1leachate

characteristics from On-nuch disposal site. The results are:

Range
BOD-5 days (mg/L) 150-210
CoD (mg/L) 1560-2075
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pH - 7.6-8.2
DO (mg/L) 0.3-0.8
S (mg/L) 79-250
TS (mg/L) 4046-6600
Alkalinity (mg/L) 2100-3250

Cadmium (mg/L) 0,007-0.01

Mercury (mg/L)

The study team®
cal composition of Lol mﬁﬁs“u b disposal site during
1979-1981. The stud

Component ~¢ight basis

Paper 18.0
Textile 4.4
Garbage

Grass andiWoc
plastics’?

Synthetic -lue

g TJ"EJ‘JWEWIW TNk
RRINEATOI NN INY A

lass
Bones, Stones & Ceramics 10.3
Dry cells ' 0.4
Sand paper : -
Miscéllanebus 7:5

111%21C 2%



36

Karnchanawong, IKeguchi and Koottatep (1990) had
studied the shallow well water quality nearby Mae-Hia solid
waste disposal site of Chiangmai municipality. The observed
data during June 1989 to May 1990 are as follows:

Parameter

Temperature
pH

Conductivity  (umhes?€iy.. | 80-9100.
TS - (
Alkalinity (
COD . (

Manganese (

Van Coillie ¢ ‘ed by Nriagu and Laksh-

minarayana, eds, °'xf£;.g~f ided and evaluated the

5 '—-_

& 2
da. The results qEP as

Parameters ﬂuﬂfawgll ﬁ’wuqni Site D

effluent charact ":‘; umpsites in Cana-

source mixed source
*  af Mﬂ‘iﬁumﬂ'l’m 18
Alkalinity r] EJ EJ 1820
Conductivity (uS/cm) 2133 4100
COoD (mg/L) 404 . 1680
BOD (mg/L) 283 1503
DO ND ND

SS (mg/L) 51 61
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TS (mg/L) 1420 3353
Mercury (ug/L) 0.3 0.3
Cadmium (mg/L) 14 26
Manganese (mg/L) 2-7 3.3

Tchobanoglous et al. (1977) have evaluated the

composition of leachate ‘ r landfill sites as fol-

lowed:
Typical value

BOD 10000
COD 18000
TSS 500
Alkalinity 3000
PH 6.0

Borden and Yahodbhak (1 2s reported the ground
and surface watg i, N.Carolina sanitary
landfills. Some;;;_Tiffffff_____________ are summarized in
table 2-3.

z.d.ﬂﬁlﬁi}a ﬁﬁmﬁmuality in cen-

tral region ofll Thailand. N??rly all of them were carried out
= s

o B RO RNTYSEH M ST H TR Yrx rorert

ed here ‘as far as the water quality is concerned. They are

summarized below:

NEB (September 1988:a) had reported the water quality
of Bang Pakong, Nakorn Nayok and Prachinburi river during

1986-1987 as shown in table 2-4.



Table 2-3 Ground and SUEEEE
. sanitary lapgiesis

PARAMETER UPSTREAM

REACE WATER
)

0.00021* 0.00003 0.04

* These statistics based on data
All units in mg/L except_ pH

SD = standard deviation .4
MAX = Maximum value obsefw

AULINENTNEINS
IR TUNN NN Y

MAX
7.8
400.6
2237.5
1812
0.0060
28,200
0.00028

ten landfills.
-[ T ICISJ’-CI'I'I:,'I ¥

TEETiLy impacts of N.Carolina

GROUND WATER
MEAN SD MAX
6.37 0.58 7.47
42.2 45.4 130.2
294.6 350.3 1579.2
203.6 220.6 924.1
0.0056 0.0023 0.0205
0.816 1.532 7.071
0.00022 0.00005 0.00045

BE



Table 2-4

SOURCE :

Water qualitv of Bangpakong, Nakorn Nayok and Prachinburi river
during 1986-1987.

BANGPAPAKONG AKORN N Q/ PRACHINBURI

1986 1987 " S 1986 1987
25.0-34.0 24.5-34.5 ‘ H=TEANGPAKONG —
6.0-8.0  5.8-8.2 L B30 BANGPAK
0+25.7 0-25.5 ~ 0-0.5 0
62-41800  50-38500 B, 5 0-850 28-640
3.1-6.1  2.6-7.4 W, 4.8-6.6  3.9-7.2
0.3-4.6 0.1-3.4 D W0.1-1.8 0.1-2.1
4.4-94.6 6.2-46.0 N 0.9-20.4 9.3-20.0

5.8-8.0 Y A-5 IN 1987

max.1.82
max.2.25

All parameter are expres (pH units), CON. (umhos/cm)

and SAL. (ppt.)
Measured heavy metals {excﬁv_, Eroe
are not exceed the standard-gf =i
NEB (September 19881

X measured values as St&tﬂ(ﬂ
ater.

pi [ i¥ |

ﬂUEJ’JVIEWI?WEJ’]ﬂ‘E
qmmnmumfmmaa

]
o
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The samples of Bang Pakong river were obtained 120
km. from river's mouth and the rest were 50 km. from their

river's mouths.

NEB (September 1988:b) had reported the Ta Chin
River's water quality during 1984-1987. Results of which are

highlighted below:

pH 7.8 with hi ‘ Haar the river's mouth
‘ T
DO 5-6 (mg/ 220-25 'WQLH;H-riUBF'S mouth
n ‘

2.0-3.5 ; .+ B0 Tkm. | from ver's mouth (Nakorn

n Pathom)

0.5-1.0 ( river's mouth (Sampran,
o
Temp 30 C° i ghout the river.
salinity 17 pptl et o
0 ppt I'river's muuth.
Hardness 73-2939 (mg/L) in loyer part
oo fibd) Elog Vi YRINBART rore
Ss | has less than 50dng/L differentiatiop, (except near
A ARANER N INEA Y
TS 1-10 mg/L from km.30 to upper part (high fluctua-

tion at river's mouth)

NEB (September, 1989:c) had reported the water
quality of Mae Klong river within 140 km. frnﬁ river's

mouth. Typical qualities are as follows:



Temp.

pH
Conductivity
"Salinity
Alkalinity
Do

BOD

CoD

S8

Cadmium

Mercury

er's mouth area.
NEB (Marpli—
Mae Klong River diﬂi ;

(mg/L)

(/L)
(mg/L)
(mg/L)

Y,

1986 _
23.1-29.6
?15_?!?

(umhos/cm) 170-19000

14.5

A

e o s L Y 'v'-‘-

. 1987

27.7-31.5
7.7-8.0
190-21000
12.3
124.137
3. 78,9

5---"1 2-2.5

;x.‘.-""

2.9-37.5
3-48

0.5-1.0
nd-0.78

neéters from what

n'
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1988
25.5-30.5
1:.6=7.9
195-21500
18.0

4.5-8.1
0.9-1.7
1.5-23.0
44-79
nd-0.5
nd-0.44

shown

on obtained from riv-

‘water quality of

Q'H. The results are:

1990

e ﬂumwwmm

RN I P oees (R RGE s
Salinity 0-10
Conductivity {umhos/cm) 204-11820 200-17000
Do (mg/L)} 5.3-7.7 4.2-7.3
BOD (mg/L) 0.2-3.4 0.8-3.2
CoD (mg/L) 5.8-23.1 7.3-19.0
58 [mgfL} 11.5-75.0 14.5-141
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Cadmium {ug/L) <0.10-1.40
Total mercury (ug/L) <0.2-4.1

Onodera (January 1985), on behalf of NEB, had evalu-
ated the water quality of the lower Chao Phraya River and

Klongs, especially focusing on the contamination of heavy

Oct.1984
Manganese 315
97-1187
Cadmium 0.65
0.24-1.46
Mercury < 0.2

nd-0.43

The water qus btained in 1984 (summer

and rainy seas{ﬁ It '“fgxf to km. 82 from

it. ﬂ 1
Aus Fmninenn

> ARIANATUNMING AT

The researcher claimed that the fluctuation of data
occurred due to the influence of the water level, flow rate

and volume of wastewater discharged onto the river.
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NEB (1991:f) had reported the water quality of the
Chao Phrava River (7-62 km. from river's mouthi. This report
was the results of the examination during 1981-1988. The

concluded results in term of mean values are as follows:

Do BOD-5 days Ccd Hg Sal.
1981 1.1 = =
1982 1.5 -~ 2.9
1983 1.2 0.005 2.8
1984 1.3 0.0003 2.6
1985 ' 0.8 0.0002 4.2
1986 1.0 0.0003 -
1987 1.8 0.0002 4.3
1988 1.3 nd 1.5
Note: = All parameters—w ; ported in term of mg/L except

saign = .
- Sals® Salin

|

Medej {198§ﬂ had studied the water quality emphasiz—

ing on totaﬂ %%‘%%ﬁu%@%ﬂﬂeﬂ@er Chao Phrava

River. Some f“teresting iqﬁormﬂtio are:

e AIANTULAINGIAY

Max mean = 2.10 ug/L SD = 0.962 ppb in April

Min range = 0-0.137 and 0-0.268 ug/L in August and
December respectively.

The thorough maximum detectable was 1.98 ppb (mean)

at 25 km. from the river's mouth.



44

The vear-through minimum detectable was 0.526 ug/L
(mean) at 4 km. from the river's mouth.

The highest detectable was 3.820 ug/L at 8 km. from
the river's mouth in April 1984.

The correlation determination between total and

organic mercury or DO, pH or | ke perature showed 'no statisti-

L.,

2.4.3 Re P rE W and-siandards involved to this

cal correlation.

research. They argesStnmardzed g.2-5,

Autangninens
ARIANTANNINGIAY



Table 2-5

USES
DRINRING
VATER

BOTTLING
GATER

INDUSTR -
[AL
EFF.

SURFACE
TATER

QUALITY
CLASS ¢

VELL
VATER
NEAR SaN.
LANDFILL

HOTE:
SOURCE:

Standard for various uses of water, e
PARAMETER UNIT VALUE BY REMARK
ol 6,5-8.5 NEB
18 g/l 500 (600) NEB
Nn g/l g.3 }0.1) NEB
Hg Bg/l 0,001 NEB
ng/L < 0,001 WHO 1585
Cd mg/L 0,01 [(0.005) NEB
ng/l ¢« 10 ppb. FDA
Bg/l < 5 pph. WHO 1873
¢ H f.5-8.5 NEB
TS ng/l 500 NEB
cd mg/L 0.0t NE
Mn ng/L -
Hg ngflL 5 \ ’f
BOD-5 mg/L e ﬂ max,100
§§ ng/L ol | 0 & —
DS mg/l gl &LEUUG
pH il N e
PERMANGANATE mg/L o
Hg ng/L ot A Wl industry 0,002
cd ng/L n 24 UF A @aindustry 0.1
Mn mg/L '
pH
no. Bg/L
BOD mg/L
Nn ng/L \
Cd g/l Mardness < 100 mg/L
mg/L fardness » 100 mg/L
cd - mg/L
Hg B3/l
Mn ag/L

All are expreas -'".‘,-"'.-r

The value in pares
NEB (1989) il

AULINENINeINg
ARIAIATAUNIING 1A Y
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2.5 Definition of some related terms used in this work.

CONDUCTIVITY: Conductivity is a numerical expression
of the ability of an aqueous solution to carry an electric
current. This ability depends on the presence of irons,

their total concentfation. mobility, wvalence, relative

concentrations and on tha t ture of measurement. Solu-

tion of most inorgan nd salts are relatively

.—J

v, 'nmof organic compounds

Rklfyzimiiﬂﬂ conduct a current

good conductors. C
that do not dissoc

very poorly, if a uctivity" is preferred

and customarily rted in \micremhos per centimetre

(umhos/cm). In th tem of Units (SI) the

%
reciprocal of the ojim figdhe gd é}\ S) and conductivity is

reported as millisie 3 1 -zf; =\ nS/m), 1 mS/m is equiva-

JEIDST Total solidisds ¢fle term applied to
the material resﬁua of -=’: after evaporation of
a sample and its sfibgequent drying in an oven at the defined

temperatureaj'rug %%ﬂimﬁcm Ekaﬂ i.lspended solids*,

the portion of total soldds retaimed a filtep, and "total

atssotbbd ABHSHT] Wbl Vo il Ehad G Elencousn ene

filter.

SALINITY: Salinity is an important measurement in
the analysis of certain industrial wastes and seawater. It
is defined as the total solids in water after all carbonates

have been converted to oxides, all bromide and iodide have
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been replaced by chloride, and all organic matter has been
oxidized, It is numerically smaller than the total dissolved
solids and wusually is reported as grams per Kilogram or

parts per thousand.

ALKALINITY: Alkalinity of a water is its acid-
neutralizing capacity. It E’ sum of all the titratable
bases. The measured,*h*”‘ sisnificantly with the

asure of an aggregate

property of water g ary/ rp. '~,- in terms of specif-
ic substances camposition of the
sample is Kknouwn.

Alkalinit = J : _;,- lgular, significant in the
treatment of natufa ters and Wwastewaters. Because the
alkalinity of many § "éhfb:; siprimarily a function of
carbonate, bicarbnnatg_ el . de content, it is taken as
an indicationig¥ the concen :—-; -------- :—Hy=ese constituents.
u aiff contributions from
borates, phospha %F' silicates or othmr bases if these are

L (AL L

centrations s significan} in determining the suitability of

QRGN RNV AL e e

the in erpretation and control of water and wastewater

The measured 'u?

treatment processes. Raw domestic wastewater has an alkalin-
ity 1less than, or only slightly greater than, that of the
water supply. Properly operating anaerobic digestors typi-
cally have supernatant alkalinities in the range of 2000 to

4000 mg. calcium carbonate (CaCO )/L.
3
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DISSOLVED OXYGEN: Dissolved oxyvgen (DO) levels in

natural and wastewaters depend on the physical, chemical and
biochemical activities in the water body. The analysis for
DO is a key test in water pollution and waste treatment

process control.

BIOCHEMICAL The biochemical oxygen

demand (BOD) ﬁirical test in which

standardized Iabo : \ sed to determine the

relative oxygen regiiiFements; o | Lﬁzters effluents and

LNﬁ%ﬁ\%\\oxyEen required for

the biochemical "degtafls }J‘ * material (carbona-
‘ ‘\ \ oxidize inorganic
material such as siL ph -5‘ f ‘rous iron. It also

measure the oxygen useﬁ4' di2€ reduced forms of nitrogen
(nitrogenous d:ﬁﬁ;r : -:Ejin is prevented by

an inhibitor. &7 y ')

CHEMICAL QXYGEN DEHHND The chemical oxygen demand

o <o oAU PAEGH B Grtvsen o o

organic mat r content o§ a sample that is susceptihla to
oxidat &gnifjoy asaﬁﬁ M%ﬂ'\cfg%m&aﬁms from a
specifig source, COD can be related empirically to BOD,
organic carbon, or organic matter. The test is wuseful for
monitoring and control after correlation has been estab-

lished.

CONFIDENCE LEUEL:_THI& term (usually expressed as a

percentage; e.g., 95 % confidence level), is commonly used
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in establishing the probability of precision statements and
means that there are (for example) 95 in 100 chances of
being correct, and 5 in 100 chances of being wrong, in
predicting that the expected precision (or expected value)

will fall within the specified limits or range.

CORRELATION C measure of the degree of

correlation betwee Values of r may raﬁge
perfect functional

from -1 to+1f +1 . dénote
relationship be Yo\ Noris J'an increasing value

of one being . .n_ ;G incr ing value of the

second. A valu fect relationship,

but in this ca etof one variable is

associated with a “the second. When r=0,

there is no effect on the other variable.

observations [Fhie - stAafts calculated from

U

it. For example™ Variance is the avere
s

‘a
about the mﬂvmww?mmﬂ?m can be calcu-
he mean has‘ een calcul

lated only afjiter ated and this uses

® R IR

" to estimate the variance. Hence, the estimate of the, vari-

e squared deviation

ance has n-1 degrees of freedom.

F-test: A variance ratio test used to decide whether
two independent estimates of variance can reasonably be

accepted as being two estimates of the variance of a single
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normally distributed universe.
HYPOTHESIS: An assumption made concerning a parame-

ter to provide a basis for a statistical test; usually

expressed as a null hypothesis or as an alternative hypothe-

sis.

MEAN: The arit e of a series of measure-
ments.

MEDIAN: F number of items, the
median is the ' _ .“'EW the items are arranged in
order of magnitufied fbr_camples with,an even number of
items, the medi ? ) waverage of the two

middle items when

The median is an e abh;f':- ndan for symmetrical dis-

tributions.
RANGE : if¢ algebraic differ-
ence between thelﬁighe- ves aﬂLes in a set of data.

Ckﬁ’ﬂﬂ ?%HWW @GpFy Goplicable of arl

the method Yof post hoc Emparison is schaffe s test. It
et QRGN T UGN Ao oo
tions 0 means. Furthermore, it is the most widely accepted

test for making post hoc comparison.

STANDARD DEVIATION: A measure of the dispersion of a
series of results around their average, expressed as the

square root of the variance.
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