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SIRIPONG CHOBTANG : SIX HEAVY METAL RESIDUES IN WATER, SEDIMENTS AND
CRABS(Scylla serrata FORSKAL) COLLECTED IN THE MANGROVE FOREST AT ROYAL LAEM
PHAK BIA ENVIRONMENTAL RESEARCH AND DEVELOPMENT CENTER, AMPHOE BAN LAEM,
PHETCHABURI PROVINCE. THESIS ADVISORS : SUCHAT NAWAGAWONG, M.Sc.,, SANSANEE
CHOOWAEW, Ph.D., PHATTHANA THAWEEPHOKE, Ph.D. 150 p. ISBN 974-04-1790-6

A study of the quantity of heavy metal residues in water, sediments and crabs (Scylla serrata Forskal )
collected in the mangrove forest at Royal Laem Phak Bia Environmental Research and Development Center,
Amphoe Ban Laem, Phetchaburi Province was conducted form November 1998 — October 1999. The researcher
collected the samples of water, sediments and crabs( Sevlla serrata Forskal ) in the mangrove forest at Ban Laem
Phak Bia and the mangrove forest at Ban Laem Phanoen and analysed the quantity of six heavy metal residues :
mercury, lead, cadmium, chromium, nickel, and arsenic. The results of the study were as follows:

The study of the water found that the quantity of heavy metal before entering the mangrove forest system
was mostly with in the standard criteria except for mercury. The quantity of heavy metal which came out of the
mangrove forest was more than that form the area betore the mangrove forest. The mangrove forest which was near
the wastewater releasing point had more heavy metal (except for mercury) than the mangrove forest which was far
away. The mangrove forest at Ban Laem Phanoen had more heavy metal (except for mercury and lead) than the
mangrove forest at Ban Laem Phak Bia . The quantity of heavy metal in both areas was mostly with in the standard
criteria except for mercury and cadmium. The statistical test of each kind of heavy metal at 3 different levels found
that the quantity of cadmium had a difference at a statistical significance of 0.05. The relation between the quantity
of each kind of heavy metal in the water and in the sediments found that nickel had a relation in the same direction.
mercury had a relation in the opposite direction.

The study of the sediments found that the mangrove forest which was near the wastewater releasing
point had more heavy metal (except for mercury and arsenic) than the area which was far away. The mangrove
forest at Ban Laem Phak Bia had more heavy metal (except for arsenic) than the mangrove forest at Ban Laem
Phanoen.The quantity 6f heavy metal in both areas was in the standard criteria. The statistical test of each kind
of heavy metal at 3 different levels found that there was any statistical difference. The relation between each
kind of heavy metal in the sediments and crabs found that lead, cadmium, and nickel had a relation in the same
direction. The quantity of cadmium and arsenic had a relation in the opposite direction.

The study of crabs found that the mangrove torest at Ban Laem Phak Bia had more heavy metal (except for

" mercury) than the memgrove forest at Ban Laem Phanoen. Each kind of heavy metal was mostly with in the standard criteria
except for lead in the mangrove forest at Ban Laem Phak Bia. The statistical test of each kind of heavy metal found that
neither area had any statistical difference. The relation between each Kind of heavy metal in crabs found that chromium had a

relation in the same direction. Mercury, lead, cadmium, and arsenic had a relation in the opposite direction,
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wiaTanzmin | wiae 1hau
WOATMIBY 2541 | ey 2542 AR 2542
5en mg/kg - 0.002 0.009
Az mg/kg 2.85 0.145 0.130
uaadioy | me/kg 0.40 0.000 0.012
Tasfien | mgke 095 0.051 0.064
Tinina mg/kg 220 0.325 0.082
0151l | mgke 0.78 0.298 0.638
a1 2 nams s edlTuu Tansminluthmomuthunziiy
yilaTanzuin | niae ihou
NOATNIOU 2541 IYIBY 2542 qaIAN 2542
lsen mg/kg - 0.005 0.032
ﬁzf%’;l mg/kg - 0.105 0.000
nandioy mg/kg - 0.000 0.137
Tasdioy mg/kg - 0.062 0.004
Hmnn mg/kg - 0.142 0.058
21519in mg/kg - 0.380 0.052
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A « o ¥ -4 X
MINN 1 HamMsIATIiaNuNUslsIu (ONE-WAY ANOVA) vawaaiionluthlusiudiih
FIOAUNTZOZNUANANAY

ANOVA
Sum of df, Mean F Sig.
Squares Squares
Between Groups 2.444E-03 2 1.222E-03 4.942 0.011
Within Groups 1.113E-02 45 2.472E-04
Total 1.357E-02 47

Post Hoc Test
Multiple Comparisons

Dependent Variable

Cadmium
LSD

95% Confidence Interval

(I) row of | (J) row of | Mean Difference | Std. Error Sig. Lower Upper

sample sample (-J) Bound bound
250 500 1.58E-02° 0.006 0.007 4.55E-03 | 2.69E-02
700 1.44E-02° 0.006 0.013 3.24E-03 2.56E-02

500 250 -1.6E-02° 0.006 0.007 -2.7E-02 -4.6E-03
700 -1.3E-03 0.006 0.814 -1.3E-02 | 9.88E-03

700 250 -1.4E-02° 0.006 0.013 -2.6E-02 -3.2E-03
500 1.31E-03 0.006 0.814 -9.9E-03 1.25E-02

" The mean difference is significant at the 0.05 level
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. - Ya & 4.
A15197 2 wamsIasEanlsUsiu (ONE-WAY ANOVA) wvasdseniuiihluitunihee

A \d ar
RUNTZVSNNUANANAY

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 1.870E-04 2 9.352E-05 0.027 0.973
Within Groups 0.154 45 3.428E-03
Total 0.154 47

1519 3 pansAaT AT Ysau (ONE-WAY ANOVA) weslasdionlutiludiufi

FIVBUNTLITNUANANAY

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 3.850E-04 2 1.925E-04 0.377 0.688
Within Groups 2.301E-02 45 5.113E-04
Total 2.339E-02 47

. ¥ 9 v
a5 R 4 mamsdIaszviaunlsliau (ONE-WAY ANOVA) vesiinalwiludiudish

FOAUNTLIZNIWUANANNY

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 8.368E-04 2 4.184E-04 0.064 0.938
Within Groups 0.293 45 6.508E-04
Total 0.294 47
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d’ = 4 o'l :l ﬁw d'v
MINN 5 HAMTIAT YRS IU (ONE-WAY ANOVA) vesnzialuthlufuiihye
RAUNTLEZNIANAINHY

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 8.368E-04 2 4.184E-04 0.064 0.938
Within Groups 0.293 45 6.508E-03
Total 0.294 47

= a a
MINN 6 Namsamﬂxﬁmmuﬂsﬂsau (ONE-WAY ANOVA) ‘lli)\‘il!ﬂﬂ!ﬁﬂlﬂﬂﬂﬂﬂ%ﬂﬂlﬂﬂ

Jr- e I 4 o
fiunthemuiRs ez Nana NIy

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 0.153 2 7.625E-03 0.134 0.876
Within Groups 11,968 21 0.570
Total 12.120 23

4 a ~ .
MINN 7 wansdasizialsdiou (ONE-WAY ANOVA) vedlasdienluduazneuly

g g o v w
U8 UNTS oSN IANA1NNAY

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 119.691 2 59.845 0.285 0.755
Within Groups 4404.589 21 209.742
Total 4524.280 23
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MINN 8 wamsIasEa sy (ONE-WAY ANOVA) wasdsenluauaznouluity

A \J d’ ' bl
mh‘mumumzuzmwwnma nu

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 447450.8 2 2237254 0.356 0.704
Within Groups 1.3E+07 21 628027.7
Total 1.4E+07 23

M50 9 wamsIaszRanunlssou (ONE-WAY ANOVA) vasasisiinlufuaznauly

lg A ¥ d' * [
wuﬂﬂwwmum:ﬂzmmm NANNU

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 8.190 2 4.095 1.481 0.250
Within Groups 58.046 21 2.764
Total 66.236 23

M3 17 10 HaMIsIATIZHAMIYSYSIU (ONE-WAY ANOVA) vesiinifalufiuaznauly

& 4 ! ' w
wu‘nﬂwwmumzﬂz‘ﬂmmnmanu

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 328.930 2 164.465 3.260 0.058
Within Groups 1059.516 21 50.453
Total 1388.446 23
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MINA 11 HaMs TN IZEAIMNLTUSIU (ONE-WAY ANOVA) vesnziilufuazneuluiy

<y P "o
711]1‘151maumzﬂzmmmnmanu

ANOVA
Sum of df. Mean F Sig.
Squares Squares
Between Groups 208.141 2 104.070 2.953 0.074
Within Groups 740.059 21 35.241
Total 948.200 23

d' =3 =) T T v, = r_"l‘ d'd
MINN 12 anwmsmmmnmnmwmﬂsaﬂuﬂ,mm s:mnﬂwwmumnmwu‘mﬁﬂy1

s dy n:'v 9 =Y
nuiunthnsaud uvanneiy

o

fudl swau | Aunde | sD. 4] P-Value
@081 | (X)
(n)
ShaeaunSnufuiidnm 3 0.005 | 4950 | 0932 | 0450
- themudhuurauneiiv 2 0.018 | 1.910

P d a ' @ vy a 4 dx o
ATW{N 13 I’L|5ﬂilmfmﬂ’nmmmnw’é)\i@l:ﬂ’ﬂuﬂ‘l’l:‘,m 53”?1@ﬂ1‘”1ﬂ!ﬁuu5nmWu‘ﬂﬁﬂy']ﬂl'

3/ ]
Auntheauiurmaunziiy

fudi $wou | Aunde | s.D. T P-Value
aweN | (X)
(n)
1 - A’ A
-Thasmuusnuiuniny, 3 1.042 1.566 0.847 0.459
sheneauihusvaywgiiy 2 0.078 7.420
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aniii4 nieudisunmandevenafionluynsn  szudnthmenuuSnafiuignmn

o & 4

ﬂuwu‘nﬂwwmuﬁmamauwztﬁu
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A

i $wau | Auede | sD. T P-Value
fed | (X)
(n)
| AheaSnafufignm 3 0.137 | 0227 | 038 | 0.724
heauthunvaunziiy 2 0.068 9.690

o = = ' a v a
ANTNNIS lﬂi EﬁJ!ﬂﬂuﬂ?']u“ﬁﬂ@n\ﬂlﬂﬂiﬂﬂu ﬂujuﬂﬂzlﬁ 53“31\31‘1‘51&!3“”5”“‘

[ A’i’ A 9 =
nnwuﬂﬂwwmumwmauwmuu

o

A S
WUNANY

F4

us 142y | Aunde | S.D. T P-Value
@08 | (X)
(n)
-Thaeauusnaiungnu 3 0.335 0.515 0.837 0.464
Aenuihunvaunziiiy 2 0.033 4.100

3 1 9] o g
a3 Nd 16 Wsudsummmanavesinfalunze senhsthaeeuuinuiy

ﬁy A \J 3/ =Y
wunthanemutihunvauwsiiy

v

=4 v
NENEINLU

£y

wun 1w | Aunde | S.D. T P-Value
@18 | (X)
(n)
)
ShneauuSnaiufiany 3 0.869 1.159 0.890 | 0.439
Ahewauihusnannsiiy 2 0.100 | 5.940
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4

a1 eil7 fFeudivunnuuendseserdiadinlinzn  sewiihnvauuSnadudEnm

o A d. w a
nuwumﬂwmlaummmauw:mu

¢l

A A ° I
NUN 1 | Aunde | S.D. T P-Value
feee | (X)
(n)
L] ) A” d’
Ahsaauusnuiuffng 3 0.572 0.248 0.026 0.981
haeauiunvaywsny 2 0.566 0.263
d' v v o o v =y :' s a
51N 18 HadA A NRUTI e IsdSadsenluhinuluduszneu
y 7
AUAZNOU 1

Pearson Correlation AuAzZNoU 1.000 -0.863%*

12

1h} -0.863** 1.000
Sig. (2-tailed) AUAznNoOU - 0.000

9

i 0.000 -
N AUAZNBU 24 24

9

i 24 24

** Correlation is significant at the 0.01 level (2-tailed)
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AUATNOY 1
Pearson Correlation AUAZNDU 1.000 -0.054
Ed
g -0.054 1.000
Sig. (2-tailed) Auaznou - 0.802
1
M 0.802 -
N AUNZNOU 24 24
¥
18| 24 24
v b
A15199 20 naReANNFNNUE sz Snanaadontutihduluduazney
i 7
AUAZNOY 11
Pearson Correlation AUAZNOU 1.000 -0.048
¥
i -0.048 1.000
Sig. (2-tailed) AunznNoY - 0.823
¥
i 0.823 -
N AunznNoaU 24 24
14
1% 24 24
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AUATNBY 1
Pearson Correlation AUAZNBY 1.000 0.178
i
11 0.178 1.000
Sig. (2-tailed) AuaznaU - 0.406
¥
111 0.406 -
N AunznaU 24 24
¥
i 24 24
d' ' v e d ' a = a :‘ [ a
ATTNN 22 I.mmﬂ1mmanwu'ﬁizmnﬂsmmunmaiumnu“luwumnau
s 7
AUAZNOU 1|
Pearson Correlation AUAZADYU 1.000 0.289
2
1 0.289 1.000
Sig. (2-tailed) Auaznou - 0.171
@
Ik 0.171 -
N AUNznNaY 24 24
¥
R 24 24
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M3 19% 23 nassmImANRuisEn S inulseniniwuynen
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Unzia a
Pearson Correlation  1|nzia 1.000 -1.000%*
v
1 -1.000%* 1.000
Sig. (2-tailed) Unzin - -
s
1 - -
N Unzia 2 2
b
R "2 4
** Correlation is significant at the 0.01 level (2-tailed)
d' v v o (] =N u'l :’ o
M19°99 24 naasmanudNiuTsEnINTnuazn luhnuvea
J
Unzim e
Pearson Correlation 1|z 1.000 -0.496
)
IR -0.496 1.000
Sig. (2-tailed) nzia - 0.670
9
1 0.670 -
N nzin 3 3
Vv
TR 3 4
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3 U as a \J =y : U
319l 25 naasimwdniussenhalfnaueadionluhduinza

Ynzim M
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Pearson Correlation ﬂmm 1.000 1.000**
AuAzNBU 1.000%* 1.000
Sig. (2-tailed) Unzia - -
AuAZNDU - -
N Inzin 3 2
AUAZNDY 2 2

** Correlation is significant at the 0.01 level (2-tailed)
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** Correlation is significant at the 0.01 level (2-tailed)
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Pearson Correlation  ymzia 1.000 -1.000**
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** Correlation is significant at the 0.01 level (2-tailed)
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** Correlation is significant at the 0.01 level (2-tailed)
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** Correlation is significant at the 0.01 level (2-tailed)
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EXECUTIVE SUMMARY

Background and significance of the problem

The problem of wastewater in various communities in every region of Thailand clearly
affected the existence of people and ecological system especially in the past 2-3 decades. This was
because the populations had rapidly increased especially in the big community. And this caused the
increase of the water using quantity. Usually, 85 — 90 % of the used water would be transformed to
the wastewater. Apart from having smelly odour, the wastewater might have the heavy metal
contamination (toxic substance) which was endurable in the nature and did not disintegrate. If some
heavy metals such as mercury, lead, cadmium accumulated in the wastewater over the standard
level, it might cause great danger to the living things. General water source differently had heavy
metal contamination. Usually, the quantity of heavy metal in the natural water source would not be
so high that it would cause danger to the living things. But in some water source which was affected
by the activity of human beings, the contamination quantity of heavy metal might continuously
increased to the dangerous level. For example, several kinds of heavy metal such as mercury, lead,
cadmium, chromium, nickel and arsenic were discovered in Phetchaburi River. As for checking in
April and December 1997, it was found that there were average quantity of heavy metal throughout
the river at 0.002, 0.004, 0.004,< 0.001, 0.027 and < 0.001 mg /1 respectively. After comparing the
standard value from the report of Pollution Control Department, it could be found that, the quantity
of some heavy metal was near to the standard value. Some heavy metal was over the standard value

and trended to continuously increased.

Royal Laem Phak Bia Environmental Development and Research Center was situated at
Tambol Laem Phak Bia, Amphoe Ban Laem, Phetchaburi Province by having the area of 2,135 rais.
As the King was worried about the environmental problem stemming form the wastewater and
rubbish which severely increased and became the problem which was difficult to be easily solved ,

the King therefore, gave the thinking guideline to the related officials so that these people would
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jointly study to find the method of solving the environmental problem concerning wastewater,

rubbish and conservation of mangrove forest.

There was the wastewater about 3,500 cubic metres per day, in the municipality of
Phetchaburi Province and the near by areas.The study of the characteristic of wastewater in the
wastewater well at Ban Khlong Yang Pumping Station under Royal Laem Phak Bia Environmental
Development and Research Center found that the quantity of water trended to continuously

decrease. So, the water should be treated before being released in to the natural water source.

The wastewater treatment well of the municipality in Phetchaburi Province was established
under Royal Laem Phak Bia Environinental Development and Research Center, Tambol Laem Phak
Bia, Amphoe Ban Laem, Phetchaburi Province with the objective to study and develop the
wastewater treatment method by using the suitable technology. The steps of wastewater treatment
started by pumping the wastewater from the wastewater well at Ban Khlong Yang Pumping Station
in the municipality of Phetchaburi Province for treatment at Royal Laem Phak Bia Environmental
Development and Research Center through the water sending ditch for 18.5 kilometres. The
wastewater would pass in to the depositing well for depositing the suspended substances at the
bottom of the well. After that the water would be released to flow into the first, second and third
treatment well and the water quality adjusting well, respectively for 28 days. Then, the water would
be drained into the mangrove forest area so that the mangrove forest would help improve the water

quality before draining into the sea.

The mangrove forest area which carried the wastewater from the municipality of
Phetchaburi Province consisted of the area about 880,000 square metres. The study found that the
condition of the mangrove forest at Amphoe Ban Laem prevalently had plants. There were Family
Avicenniaceae and Family Rhizophoraceae form the coast to the forest. The study of the quantity of
heavy metal in the water before releasing into the mangrove forest at Ban Laem Phak Bia in April
and December 1997 found that there were average quantity of mercury, lead and cadmium equal to
0.004,0.05 and 0.005 mg/ 1, respectively. After comparing with the standard value of the quality of

the surface water source, it was found that, the quantity of mercury was higher than the standard
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value. The quantity of lead and cadmium were equal to the standard value. As the mangrove forest
would trap the refuse and various toxic substances in the water before flowing into the sea, when
several kinds of heavy metals were blown along the river, they would deposit in the mangrove
forest. This made these heavy metals accumulate in the sediments, which might affect the

contamination quantity in the aquatic animals which lived in said mangrove forest.

It was found that the water which came out of the final treatment well and was ready to be
drained in to the mangrove forest still had the rather high quantity of heavy metal residues. This
indicated that the natural wastewater treatment system had low efficiency in reducing the heavy
metal quantity because the treatment system was not specifically designed for treating the heavy
metal. Therefore, the researcher was interested to study the efficiency of the mangrove forest in
helping reduce said heavy metal quantity. The researcher had studied about some heavy metal
residues in the water,sediments in the mangrove forest which was differently distant from the
treatment well in order to show that whether each level of the mangrove forest had different
efficiency in absorbing the heavy metal. Moreover, the researcher would study about the relation of
the quantity of the heavy metal in the water, sediments and crabs (Scylla serrata Forskal) which
lived in the studied mangrove forest area. And, the researcher would compare with the mangrove
forest at Ban Laem Phanoen with was near by but was not affected by the wastewater from
wastewater treatment well in the municipality of Phetchaburi Province in order to be the basic
information for studying the impact of releasing the wastewater which had the heavy metal
contamination into the mangrove forest. Said information could be directly useful for Royal Laem
Phak Bia Environmental Development and Research Center. Moreover, it could be used as the

information for studying the impact of wastewater towards the mangrove forest in other area.
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Objectives

1.1 To swdy the quantity of mercury, lead, cadmium, chromium, nickel and arsenic
residues in the water, sediments and crabs in the mangrove forest area which was affected by the
wastewater from the wastewater treatment well at Laem Phak Bia Environmental Development and
Research Center.

1.2 To study about the relation of the quantity of mercury, lead, cadmium, chromium,
nickel and arsenic in the water, sediments and crabs in the mangrove forest area which was affected
by the wastewater from the wastewater treatment well at Laem Phak Bia Environmental

Development and Research Center.
Hypothesis

1. The quantity of heavy metal in the sediments and water which came out of the mangrove
forest had lower value than that form the area before the mangrove forest.

2. The mangrove forest which was near the wastewater releasing point would have more
heavy metal residues than the mangrove forest which was far away. Or the distance from the coast
had a relation with the heavy metal residues.

3. The mangrove forest which was affected by the wastewater from the wastewater
treatment well would have more heavy metal residues in the water, sediments and crabs than the
mangrove forest at Ban Laem Phanoen which was not affected by the wastewater from the
wastewater treatment well.

4. The quantity of heavy metal in the water, sediments and crabs had mutual relation.

Expected Results

1. To know about the efficiency of the mangrove forest in absorbing each kind of heavy
metal.
2. To know about the quantity of heavy metal residues in the water, sediments and crabs in

the mangrove forest which was affected by the wastewater from the wastewater treatment well,
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3. To know about the relation of each kind of the heavy metal in the water, sediments and
crabs in the mangrove forest which was affected by the wastewater from the wastewater treatment
well.

4. To use the information of the research to improve the wastewater treatment system of
Royal Laem Phak Bia Environmental Development and Research Center to have more treatment

efficiency.

5. To apply the information in other areas which had similar characteristics and elements.

t

Scope of Study

The study of the quantity of some kinds of heavy metal residues in the mangrove forest at
Royal Laem Phak Bia Environmental Development and Research Center was divided into 4 parsts

as follows :

1. To analysis the physical and chemical characteristics of the sample water in
November,1998 March, July, and October 1999, temperature, salinity, pH, DO, mercury, lead,
cadmium, chromium, nickel and arsenic.

2. To analysis the quantity of heavy metal in the sample sediments mercury, lead,
cadmium, chromium, nickel and arsenic in November 1998 — June 2000.

3. To analysis the quantity of heavy metal mercury, lead, cadmium, chromium, nickel and
arsenic which accumulated in the crabs which were caught in the mangrove forest arsenic in
November 1998 — December 1999,

4.To analysis to find the relation of the quantity of mercury, lead, cadmium, chromium,

nickel and arsenic in the sediments, water and crabs.

The studied area

The mangrove forest which was atfected by the wastewater from the wastewater treatment
well in the municipality of Phetchaburi Province in Laem Phak Bia Environmental Development

and Research Center by having the area about 550 rais.
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Methods of research

I. Determining the sample water collecting points.

1.1 The sample water before draining into the mangrove forest
The researcher would collect the sample water before draining into the

mangrove forest at 4 following points : point 1, 2, 3 and 16.

1.2 The sample water in the coastal mangrove forest
The wastewater from the municipality of Phetchaburi Province which was
treated would be released into the mangrove forest. It was expected to spread and affect the
environment at the nearby mangrove forest. Therefore, The researcher had determined the sample

water collecting points to analysis the water quantity and the impact of wastewater into 2

characteristics as follows :

1.2.1 The mangrove forest a long the coastal area. The researcher
determined the sample seawater collecting point into 3 transect lines. Each transect line had 4 points
of collecting the sample water. The distance between each transect line is 250 metres.

Transect Line 1 was Point 4, 5, 6, and 7.
Transect Line 1 was Point 8, 9, 10 and 11.

Transect Line 1 was Point 12, 13, 14, and 15.

1.2.2 Ban Laem Phanoen consisted of the mangrove forest which was
near the first line. And it was expected that it was not effected by the treated wastewater of the
municipality in Phetchaburi Province. The researcher had determined 3 survey points as the

reference point for examining the water quality. As follow : Points 17, 18, and 19
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2.The method of collecting the sample

2.1 Collecting the sample water

The researcher had collected the sample water at the specified point for 4 times
throughout the experiment for 1 year in November, March, July and October. The researcher used 1
litre cylinder to collect the sample water by pouring the water in BOD bottle. Then, the researcher
filled the concentrated Nitric Acid about 2 cm.’ and wrote the label attached at the side of the bottle
by stipL'llating time, place and date of collecting the sample. After that, the researcher kept the
sample water in the sample water collecting bin whose lid was tightly closed at temperature of 4 °¢

in order to be brought to analysis the water quality.

2.2 Collecting the sample sediments

The researcher collected the sample sediments at the specified point in order to
study the quantity of each kind of heavy metal residues in each length of the mangrove forest. The
researcher used 1- litre- plastic cylinder to scoop the sediments about 1 kilogram per each point and -
put in the high density plastic bag which was tightly closed. The sample sediments would be kept in
the bin to prevent it from the heat and light. Then, 1t would be brought to analysis the heavy metal.
The sample sediments would be collected for 2 times throughout the experiment : the first month of

the experiment was November and the last month of the experiment was October.

2.3 Collecting the sample crabs ( Scylla serata Forskal )

The researcher collected the sample crabs ( Scylla serrata Forskal ) in order to
analysis the quantity of heavy metal residues by placing the fish trap along the water furrow in the
mangrove forest at Ban Laem Phak Bia which was affected by the wastewater from the wastewater
treatment well and Ban Laem Phanoen during the rise of the water. Then, the researcher collected
the crabs during the fall of the water, The size of the crabs for use in analysis would have the length
of the shell about 10 centimetres which people liked to eat about 3-4 crabs per time. After that the
crabs would be cleaned and kept in the bin which could control the temperature for use in analysis
to find the quantity of heavy metal residues in the crabs. The sample would be collected for 3 times

throughout the experiment in November, April and October.
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Place and duration for doing the research

The experiment was carried out in the mangrove forest at Laem Phak Bia which was
affected by the wastewater from the wastewater treatment well of the municipality in Phetchaburi
Province under Royal Laem Phak Bia Environmental Development and Research Center, and the
mangrove forest at Ban Laem Phanoen, Amphoe Ban Laem Phetchaburi Province

Duration for doing the research was ovember 1998 — October 1999

Summary of the result of study

1. General quantification of the water

The wastewater which was treated by the wastewater treatment system of Royal Laem
Phak Bia Environmental Development and Research Center, still did not directly affect the water
quality in the mangrove forest. For the overall picture, general quantification of the water was still _
in the standard criteria of the water quality in the surface water source, Category 4 i.ec. the water
source which was affected by the wastewater of some activity and used for consumption and
industry by passing sterilization and the process of improving the water quality. The general
qualification of the water in the mangrove forest was mostly in the standard criteria of the coastal
sea water quality, Category 3 which was suitable for the mangrove forest conservation, habitats of

wild animals, breeding source, larva raising source and food source of aquatic animals.

2.The quantity of heavy metal residues in the water

The wastewater which was treated by the wastewater treatment system of Royal Laem
Phak Bia Environmental Development and Research Center, was mostly in the standard criteria of
the heavy metal in the wastewater from the industrial factory and the industrial estate except the
quantity of mercury which had value over the standard. As for the quantity of heavy metal residues
in the mangrove forest, lead and chromium had value in the standard criteria of the coastal sea
water quality, Category 3. The quantity of mercury and cadmium had value over the standard of the

coastal sea water quality, Category 3. The standard value of nickel and arsenic was not specified.
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The mangrove forest which was near the wastewater releasing point (250 metres from the
Wastewater treatment well ) had more heavy metal than the distance which was far away (500 and
750 metres).This was consistent with the specified hypothesis (The mangrove forest which was near
the wastewater releasing point would have more heavy metal residues than the mangrove forest
which was far away) except the quantity of mercury and arsenic.

The quantity of heavy metal which came out of the mangrove forest (which was distant
from the treatment well about 750 metres) would have higher average than the area whose heavy
metal from the arca before enter the mangrove forest. This was not consistent which the specified
hypothesis (The quantity of heavy metal in the water which came out of the mangrove forest had
lower value than the area whose heavy metal from the area before enter the mangrove forest)
because the wastewater from the wastewater treatment well was drained into the mangrove forest at
all times. When each kind of heavy metal was drained together with the wastewater, it would be
deposited in the water and sediments. The longer duration of deposit and accumulation made more
heavy metal with came out of the mangrove forest than the area whose heavy metal from the area
before enter the mangrove forest.

The mangrove forest which was the studied area had more mercury and lead than the
mangrove forest at Ban Laem Phanoen, which was consistent with the specified hypothesis. The
mangrove forest at Ban Laem Phanoen would have more cadmium, chromium and nicke! than the
mangrove forest which was affected by the wastewater from the treatment well of Royal Laem Phak
Bia Environmental Development and Research Center. This showed that the wastewater from the
waslewater trcatment well of Royal Laem Phak Bia Environmental Development and Research

Center did not affect the ecological system of the mangrove forest.

3.The residues quantity of each kind of heavy metal in the sediment

The residues quantity of each kind of heavy metal in the sediment in the mangrove forest
which was the studied area had the average in the standard criteria of the concentration of the heavy
metal which had normal value and was extremely accepted in the agricultural soil. The mangrove
forest which was near the wastewater releasing point (far from the wastewater treatment well about
250 metres) had more heavy metal than the arca which was far away (500 and 750 metres). This

was consistent with the specified hypothesis (7he mangrove forest which was near the wastewater
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releasing point would have more heavy metal residues in the sediments than the area which was Jar
away) except the quantity of mercury and arsenic which was not consistent with the specified
hypothesis.

The residues quantity of each kind of heavy metal in the sediments in the mangrove forest
which was the studied area had more mercury, lead, cadmium, chromium, nickel than the mangrove
forest at Ban Laem Phanoen. This was consistent wiih the specified hypothesis(The mangrove
Jorest with was the studied area had more heavy metal residues in the sediments than the man grove
Jorest at Ban Laem Phanoen). As for arsenic it was not consistent with the specified hypothesis
because the quantity of arsenic before draining into the mangrove forest had little value. So, the
arsenic residues in the sediments might come from other place by flowing together with the sea
water during the rise of the water. So, the mangrove forest at Ban Laem Phanoen had more arsenic

residues than the mangrove forest with was the studied area.

4. The residues quantity of each kind of heavy metal in the crabs (Scylla serrata Forskal)

The average of mercury, cadmium and arsenic was in the standard criteria of the heavy
metal in food of the Ministry of Public Health. The lead residues in the crabs (Scylla serrara
Forskal) in the mangrove forest which was the studied area slightly had the value over the standard
of heavy metal in food of the Ministry of Public Health. As for overall picture, the crabs (Scylla
serrata Forskal) which lived in the mangrove forest which was the studied area were still safe for
consumers.

The crabs (Scylla serrata Forskal) in the mangrove forest which was the studied area had
more heavy metal residues than the crabs (Scylla serrata Forskal) in the mangrove forest at Ban
Laem Phanoen. This was consistent with the specified hypothesis (There were more heavy metal
residues in the crabs (Scylla serrata Forskal) in the studied area than the crabs which lived in the
mangrove forest at Ban Laem Phanoen) except the quantity of mercury. The crabs which lived in
the mangrove forest at Ban Laem Phanoen had higher value than the crabs which lived in the
mangrove forest which was the studied area. But it was still in the standard criteria of the heavy
metal in the food of the Ministry of Public Health. The standard value of chromium and nickel was

not specified.
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5. The relation between each kind of heavy metal in the water, sediments and crabs

5.1 The relation between each kind of heavy metal in the water and sediments

The quantity of mercury and nickel in the water had relation with the quantity of
mercury and nickel in the sediments. This was consistent with the objective and specified
hypothesis (The quantity of heavy metal in the water and sediments had mutual relation) The
quantity of mercury would have relation in the opposite direction. This meant that if the quantity
of mercury in the water increased, the quantity of mercury in the sediments would decrease. Or the
contrary, if the quantity of mercury in the water decreased, the quantity of mercury in ﬂ;e sediments
would increase.

The quantity of nickel a had relation in the same direction. This meant that if the
quantity of nickel in the water increased, the quantity of nickel in the sediments would also
increase. On the conirary, if the quantity of nickel in the water decreased, the quantity of nickel in
the sediments would also increase. The quantity of lead, cadmium and chromium in the water had
no relation with the quantity of lead, cadmium and chromium in the sediments this was not

consistent with the objective and specified hypothesis.
5.2 The relation between each kind of heavy metal in the water and crabs

The quantity of mercury, lead, cadmium, chromium and arsenic in the water had a
relation with the quantity of mercury, lead, cadmium, chromium and arsenic in the crabs. This was
consistent with the specified hypothesis (the quantity of heavy metal in the water and crabs had
mutual relation ). The quantity of mercury, lead, cadmium and arsenic had a relation in the opposite
direction with the quantity of mercury, lead, cadmium and arsenic in the crabs. This meant that if
the quantity of mercury, lead, cadmium and arsenic in the water increased, the quantity of mercury,
lead, cadmium and arsenic in the crabs would decrease. On the contrary, if the quantity of mercury,
lead, cadmium and arsenic in the water decreased, the quantity of mercury, lead, cadmium and
arsenic in the crabs would increase. Chromium would have relation in the same direction. This
meant that if the quantity of chromium in the water increased, the quantity of chromium in the crabs

would also increase.
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On the contrary, if the quantity of chromium in the water decreased, the quantity of chromium in

the crabs would also decrease. The quantity of nickel in the water and crabs would have no mutual

relation.

5.3 The relation between each kind of heavy metal in the sediments and crabs

The quantity of lead, cadmium, chromium, nickel and arsenic in the sediments had a
relation with the quantity of lead, cadmium, chromium, nickel and arsenic in the crabs. This was
consistent with the objective and specified hypothesis(The quantity of heavy metal in the sediments
and crabs had mutual relation ). The quantity of lead, cadmium and nickel had a relation in the
same direction. This meant that if the quantity of lead, cadmium and nickel in the sediments
increased, the quantity of lead, cadmium and nickel in the crabs would also increase. On the
confrary, if the quantity of lead, cadmium and nickel in the sediments decreased, the quantity of
lead, cadmium and nickel in the crabs would also decrease. The quantity of chromium and arsenic
had a relation in the opposite direction. This meant that if the quantity of chromium and arsenic in ‘
the sediments increased, the quantity of chromium and arsenic in the crabs would decrease, On the
contrary, if the quantity of chromium and arsenic in the sediments decreased, the quanity of

chromium and arsenic in the crabs would also increase.

Recommendations

1. Recommendations after study

After study six heavy metal residues in water, sediments and crabs (Scylla serrata Forskal)
in the mangrove forest at Royal Laem Phak Bia Environmental Development and Research Center,
Amphoe Ban Laem, Phetchaburi Province, the researcher found that the contamination quantity of
each kind of heavy metal was rather high. This was because, at present, the heavy metal were
increasingly used in various activities. So, it should be studied in order to be the guideline of
determining the standard value of the heavy metal contamination in the community wastewater,
aquatic animals, water and sediments so as to control, prevent and solve the problem of heavy metal

contamination in the environment.
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Moreover, the result of study should be brought to disseminate to people living around the center so
that these people could understand that the wastewater which was treated would not affect the
ecological system of the mangrove forest. And the aquatic animals which lived in the mangrove

forest, especially the crabs (Scylla serrata Forskal) could be consumed as usal.

2. Recommendations for next research

2.1 After study, the researcher found that collection of in formation in each area was
rather little because of the restriction of budget. So, it was necessary to specifically and separately
study'each kind of heavy metal in order to receive detailed information in each studied area.

2.2. There should be the study of heavy metal residues in other aquatic animals which
lived in the mangrove forest which was effected by the wastewater from the wastewater treatment
well.

2.3 There should be the study of the residues of each kind of heavy metal in the
mangrove forest plants in order to know that which kind of the plants in the mangrove forest had

more efficiency in absorbing and reducing the quantity of heavy metal.



