CHAPTER II

MATERIALS AND METHODS

The concentrations of four heavy metals; lead, copper,
J
zinc and iron in the seawater bo{i{in particulate and dissolved
o

forms were studied. PBach seawater —sample was also analyzed for

dissolved organic iifg;ﬁ; ; Tis%ues of bivalves collected from the
vicinity area of}ﬁpiﬁffz;aking\plants were also analyzed. The

procedures of study gan .

“?éﬁaréiéd inte there activities which are

— it

field study, laborato expgrigenx and data analysis. These

activities are descri

Field Study. G —
-

1. Sampling. 4

Y, A

Seawater samples were collected off Mab Ta Phud coastal

area by survey vesseéls providgd by the Eastern Marine Fisheries
Development' Center, 9Division of Marine'~Fisheries, Department of
Fisheries, Ban Phe, Muang, Rayong, Those" yessels. were Pramong Talay
15, Pramong ' Talay 12 and” "Ban Phe'14. Marine ' orgamism samples

wvere bought from local fishermen at Ban Pla.

1.1 Sampling Station. Four groups of sampling stations
had been designed for this study (Figure 1-1). The first group was
located in the area where fresh water channels discharge to the
nearshore area. Six natural channels and an artificial channel,

constructed to drain a wastewater treatment plant effluent of the
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Mab Ta Phud Industrial Estate were chosen as study stations. The
second group was a group of stations located in a nearshore 1line ,
2 km from the ship-breaking plants in the west-east directi&n from
Ban Pla to Ban Ta Kuan. The third group, offshore stations
located in line at a distances of 3 km away from the nearshore 1line
and was in the same direction. fﬁ%ﬂ}ift group located at Rayong
River mouth and was near the petrocﬂéﬁfﬁal plant. The reference

J
station in  thig _estudy, refers. tow.a _location unaffected by

ship-breaking ac:;igiiég, wasa about 3 km from the offshore
e do 7

stations line. dzgfglfgatiag_adddﬁdentification of stations are

shown in Figure l-

Freduenc#.; The objective of this study

L

oi four~éheavy metals released due to

152 Sam

focused on the quanti

e ﬁ:iﬁ
ship-breaking activity. ‘fas a censéquence, sampling frequencies
et e 4',“4--
vere design in gorrelatlon with the perlods‘;before, during and

"-f.r J,‘

after the ship—Ecégking activity. Sampling freduencies are shown in

Table 2-2 and can-be summarized as follows :

1.2.1 ' October 20-25, 1988. This period was a
period before ship-breakingractivity started. The , ship-breaking
activity was halted since June 19, /1988 .due to unfavorable national

economic situation.

1.2.2 June 21 - 22, 1989 and July 11, 1989.
Sampling was carried out during this period when ship-breaking

activity was under way.

1.2.3 November 23-24, 1989. This sampling period

vas the same as the period described in 1.2.2



Table 2-1 Location of sampling stations off Ban Nong Faeb,
Mab Ta Phud, Rayong Province.

Station  Latitude Longitude

i | 12° 40' 00" N 101* 02*' 56" E
C-2 12° 40' 30" N 101° 04' 22" E
C=3 12° 40' 44" N 101° 06°' 06" E
C-4 128. 4 N 101° 06" 50" E
C~5 ¢ 4 101° 07' 40" E
C-6 101° 08' 16" E
C=1 101° 10' 25" E
SB-01 101° 02' 50" E
SB-02 101° 04' 25" E
SB-03 101° 06' 00" E
SB-04 101° 06' 40" E
SB-05 101° 07' 23" E
SB-06 101* 08 53" F
SB-07 101* 10*' 33" E
SB-08 101° 02' 50" E
SB-09 101° 04' 25" E
SB-10 101° 06' 00" E
SB-11 101* 07' 323" B
SB-12 101* 08" 53" E
SB-13 I01° 10" 33" E
SB-14 101° 06' 00" E
SB-15 101° 15" 00" E
SB-16 101° 10*' 40" E

101° 08' 49" E

SB-17
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Table 2-2 Seawater sampling times at Ban Nong Faeb, Mab Ta Phud,
Muang, Rayong province.
Trip N® of Sampling
Station 1 2 3 4
Date ([Time Date |[Time Date |Time Date |Time

c-1 22/06/89110:40(23/11/89|17:30{15/05/90| 9:00
C-2 22/06/89 13{59*24/11/89 9:50115/05/90(10:50
c-3 22/06/89 |13:00424/11/89{10:50

c-4 — - 3&11/89 16:00

c-5 — E

Cc-6 —_— 23/11/89 15:00115/05/90{15:15
c-17 o 06/89\17:30 23/11/89]11:50(15/05/90{16:30
SB-01 {21/10/88 2/06/89414:35{23/11/89{17:37{16/05/90]| 9:40
SB-02 [21/10/88 /06/89413:40/23/11/89{17:10/16/05/90{10:12
SB-03 |21/10/88 06/89110:15|23/11/89{15:55/16/05/90{10:40
SB-04 [21/10/88 )6/89112:20123/11/89|15:20{16/05/90{11:15
SB-05 [21/10/88 06/89 :20123/11/89(14:10{16/05/9012:15
SB-06 {20/10/88 07/89}130523/11/89(13:30{16/05/9012:50
SB-07 [20/10/88 /07/89 31:55 23/11/89112:57{16/05/9013:15
SB-08 |25/10/88 1/07/89115230|24/11/89{12:35|22/05/90(11:15
SB-09 [25/10/88 5411/07789415:15|24/11/89{13:30{22/05/9011:45
SB-10 |25/10/88|13:25|11/07/89 . { 0{24/11/89| 9:30{22/05/90|12:10
SB-11 |25/10/88(12: ¥1/07/89 Iééjiﬁ 24/11/89114:05122/05/90{12:25
SB-12 |25/10/88|11:35|11/07/89113:45124/11/89{14:35)22/05/90112:45
SB-13 |22/10/88(14:20 13707/89|13220424/11/89(15:45]|22/05/90(13:05
SB-14 0 11/07/89(16:20|24/11/80{11:45|22/05/90{10:30
SB-15 22/10/88.&1.53 11/07/89 54-24/331/89116:30114/05/90{11:30
sB-16 |22/10/88011:25|11/07/89|10:10|24/11/89{16:50|14/05/90|12:30
SB-17 [22/10/88{10:55}11/07/89 45124/11/89(17:10{14/05/90{12:05
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1.2.4 May 14-22, 1990. This sampling period was

a period after ship-breaking activity was finished.

1.3 Sampling Methods.

1.3.1 Seawater Sampling.

331 \ ' d Heavy Metals. Seawater
\‘
samples were collected‘!!-iumetq, depth With a GO-FLO water sampler.

fﬂ-'r's‘d J.nt@ 1 liter polyethylene

bottle which was

Samples were care
t )i ‘a plésglc bag. Samples were
immediately preserv
ashore to the labor

dﬂ;;;aﬁ \ Eﬁtré%e care vas made to

avoid metal contamin e-af& to be analyzed were

copper, iron, lead

;aggggigglate Heavy Metals. The
A e

rated from theﬁ i

amples in 1.3.1.1.

-
samples were séfé

Separation method is shown
il —

AU 4 INININLNS. e, s
R MR o SaeT bk pie} (1 uE L g

analysis. Samples were immediately preserved after collection in an

53.2.1.2 of laboratory

experiment.

ice box.

1.3.1.4 Variation due to Tidal Cycle. At
an interval of about 4 hours at station S8B-10 (shown in Figure 1-1.)
seawater samples were collected for four heavy metals analysis.

Sampling method has already been explained in 1.3.1.1 & 1.3.1.2.
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1.3.2 Bivalves Sampling. The pen shells,

Atrina :vexillum, were collected from the sites near

ship-breaking plants. They were preserved in a plastic bag and kept

in an ice box.

.33 Scrap-sted%j#Sampllng During steel cutting
process scrap-steels can releases ,qﬁﬁe' heavy metals into the
seawater. Pieces of:iggap steéis were collected from the Dbeach
nearby and w1th1nJ;hef§ff ts' /boundary. They vere also kept in a

plastic bag. The

and- the dissolved rate of heavy metals
o) * .'J‘;

into the seawat this scrap-steel were studied in the

laboratory.

1.4 Clednin ontaimers. The sample bottles for

seawater analy51s were ode llter pg;j@thylene bottles. Brand new
bottles were rlnied with-a- small aﬁouﬁf’of oe?anlc solvent such as
chloroform in 95ﬁeT_fG_TEEGVE_EEY_GTI_GT"area§e present. The
bottles were thegicleaned by detergent and_ﬁlnsed with distilled
water. The bottles ,then, were filled with concentrated nitric
acid, loosely .cappedrand then maimtained at 60°C on a hot plate.
After three days, the acid solution wasmstored in atd.container for
reuse.| The | bottles werehrinsed and filled with | double distilled
water. They were placed on a hot plate at 60°C for at least 24
hours. Then, they were rerinsed with distilled water and dried
on a clean cabinet. After during, they were kept covered in

plastic bags until use.
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2. Survey of Current Characteristics.

Tidal current was measured with a current meter ,
model CM-2S at all three depths ( 2, 8 & 18 meters) at station SB-10
(shown in Figure 1-1). The interval of tidal <current recording

was every one hour for 25 hours.

Laboratory Experiment.

1. Analysissof Samples.
-

is{ Cleaning. The sample containers were

L,

ﬁé?Millipore membrane filters were

e

cleaned as specified im 1.4." T
¥ -

soaked in 10% nitri ,df_sol§¢fbn for 6 hours and later in

.l ddd

distilled water in a ' redﬁteflqﬂ%b@aker until use.

. W '

1.2 Sample Pé@éi?ationizzﬁ

AT 7R

1.2.1 Heavy Metals in Seawatér,
Yy A
T 1.2.1.1 Particulate Heavy Metals. Seawater

sample was filtered sthrough a Millipore filtration system. A volume
of sea water sample was about 1,000 ml (accurately noted). The
particulate form was retainéed on a Millipore membrane filter,
pore “size 0.45 um. | AJfilter.vas remoyed | from alyfilter holder
with plastic forceps and then transferred to a polyethylene vial,

labelled, kept in a clean plastic bag and stored in a refrigerator.

1.2.1.2 Dissolved Heavy Metals. The
seawater sample for dissolved metals analysis was filtered into a
precleaned 200 ml Nalgene bottle by the method described above.

The sub-boiling redistilled concentrated nitric acid was added
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into the sample to adjust the pH of each filtered seawater sample
to around 4. :Then each bottle _was placed into a plastic bag and

labelled.

1.2.2 Dissolved Organic Carbon in Seawater.
Glass-fibre filters (GF/C) were pre§9mbusted at 450°C. The seawater
sample for dissolved w.organic caj one" analysis was filtered

through a precombustEE;QE/C filt r paper. The filtered sample was

stored in a glaii::§§bufé which later was sealed and kept in a
refrigerator. -; J /

lves HSThe soft part of the bivalve

was dried in a freez yer, ground stored in a plastic bag and

kept in a desiccator.

In this step, prepaféd sample was analyzed
for heavy (metals!both in tlie ‘forms 90f ‘particulate and dissolved
matter. In addition, analysis for dissolved organic carbon was also

carried out.

1.3.1.1 Particulate Heavy Metal Analysis.
The method was as described in the Inorganic Handbook for River

Transport Workshop, GEMSI,1986. The procedures were as follows :

- A Millipore filter paper was
transferred from a polyethylene vial into a covered teflon

beaker and 900 pl of concentrated nitric acid and 100 pl of
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hydrofluoric acid (40 %) were added.

- The teflon beaker was placed on a

hot plate and heated to 150°C until the particulate and millipore

paper were gently digested in an acid solution.

- The acid solution was diluted to 5

ml with double-distilled va“W //ed in polyethylene vials.
H

“'-—..., Ts, -oe!!!Hon was kept in a

refrigerator unti pper, zinc and iron by

a polarized Zeema pectrophotometer, HITACHI

model Z-8100.

The method, used iﬁ

investigated by Sukase : _:;: e procedure was as follow :

ered seawater was

25 adjusted to around
5 by diluted amn@iulﬁ hydroxi uted @itric acid and later

transferred to a 250 md. separatory fiunnel

ﬂ‘lJEJ’WlEJ‘ﬂiWEJ’]ﬂ‘ﬁ

5 ml 2% (w/v) APDC was added and

RN ANNIUNAIINYIRY

- 5 ml MIBK was added.

- The sample was shaked for 4 min and
was let stand for clear phase separation and later the lower layer

was drained off .

= 5 ml 4N nitric acid was added into
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an organic phase in a separatory funnel. A funnel was shaked for 5

min and let stand for phase separation. .
- The lower layer vas collected in a

precleaned 8 ml polyethylene vial and kept in a refrigerator until

analysis with a polarized Zeeman atomic absorption spectrophotometer.

/
LN Diégﬁlxed Organic Carbon. The
- _,:"J-

combustion-infrared analysis method wés used for this study. A water

; o : | : P
sample was 1nJected#I' heated reaction chamber packed with an

oxidative catalyst. The COZAa product of oxidation of organic

vas it ahSpér%ed in the carrier gas stream and

—_— |

) ﬂlspeﬁ?lye infrared analyzer. This value.

and inorganic carbo

measured by means of a
read was a total car concentrgp;gn. The total organic carbon

value was obtained by .ubtractlngikotal carbon by inorganic carbon

e ha

concentrations. Inorgin;e- carQQQJﬁas measured by injecting the
=5 ‘.l'.‘= |_.1_

vater sample 1nt0 a separate reactlon chamberfpacked vith phosphoric

-
acid-coated quag;z beads. Under these cond&phons organic carbon

was not oxidized and only .inorganic carbon was measured. The
apparatus used to" «arry out these analyses was a Total Carbon

Anaiyzer, SHIMADZU-model’ TOC=10B.

1.3.2 “ Bivalves /Analysis. The ~details of the

analytical method is described below.

- 0.1 g of dried bivalve was transferred to
a teflon beaker and 3 ml of sub-boiling redistilled concentrated

nitric acid was added.

-~ The teflon beaker was heated at 150°C on

a hot plate until the bivalve tissue was gently digested to clear
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solution.

- The acid solution was diluted to 10 ml
with double distilled water and stored in Nalgene bOttlesJ‘ .The
solution was kept in a refrigerator until analysis for ‘iééd,

copper, zinc and iron with

copper, lead, iron and A 1 aterial samples were:

= ".--"ﬂ’g;,"' - "vr '?*F_a p

Type IE} material, scra -1ron, a part of steel plate

cut from thﬂeH E}%%E‘ﬁﬁgwuﬁj arofnd the plant area, as

shown in Flg e 2-3, and

AN SARMNRANYIATL ..,

submerged in the seawater and present on the sand beach, as shown in

Figure 2-4.

‘Those materials were cleaned in a laboratory with

distilled water and let dried.
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'y ‘
Figure 2-1 Scrap-p: n‘: ] icgfcdgé off the steel plate of a vessel.

. § ]
i FdRA ArAd

Figure 2-2 Piece of iron splashed from high temperature cutting.
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Figure 2-3 Scrap-igon pnrp zéb 1.aﬁ vlate cut from the vessel

present on the grou _JZFQ nd the plant area.
# --l.-. SR 3

Figure 2-4 Scrap-iron piece occasionally submerged in the seawater
and present on the sand beach.
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2.1 Leaching Experiment.

2.1.1 A seavwater sample collected off the Mab Ta
Phud coast was filtered by a Millipore membrane filter (pore size
0.45 um) and stored in a precleaned 5 liter polyethylene bottle.

Filtered sample was analyzed for four heavy metals concentrations,

i.e. : copper, lead, iron and zinc particularly in the dissolved
/7
form. >
o

20009 _Maferial  samplés™vere  placed in a

___.,-"" \
precleaned polyei&;}éﬁ;f contasners. Each container was filled

with 1.5 liter filte d Seawdter and covered. The containers

were kept at room te aﬁure‘fos 7 days.

¥

2 13}f;fter ? des, the material samples were
=¥/

taken out. Each seaw‘%er sample wastﬁarefully mixed and drawn for

il

lead, copper, 21nc_;§qg¢ 1ron;f§p§£y51s both in dissolved and

particulate fozﬁé. The analysié methods £;e already explained

Ny X )
in 1.3.1.1 & 1.3{1..2. o

The =sflow chartsi/of leaching experiment in the

laboratorylare shown in Fidqure 2-5.

3. " Recovery ofSolvent Extraction Method

The solvent extraction method, used in this study, is
the APDC-MIBK extraction system followed by back extraction with 4N
nitric acid. This method is an improved solvent extraction method
investigated by Sukasem, 1989. The salt matrix is a source of
interference during the analysis by atomic absorption

spectrophotometer. This improved method is able to remove salt
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Seawater

1500 ml 00 ) 1500 ml

- 4 Y \ Ke ;V(Q)

Y
each m
mix i i mix
s
Filte iltered

AR TENT R T Y

%he particulate and filtered seawater samples are
analyzed for Pb, Cu, Zn and Fe

Figure 2-5 Flow charts of leaching experiments in the laboratory
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matrix‘from some heavy metals. Iﬁ addition, it can be efficiently
used to determine low concentration of some heavy metals. The
efficiency of the solvent extraction metpod is checked by comparing
measured to Kknown concéntrations of standard solutions. Details

of the procedure are as follows :

3.1 The standard fgp utions were prepared with
concentration range covers expectéégﬁéhals concentrations of the

seawater samples. Thegzwere pf%pared with seawater collected from

—
certain sampling sEg;idﬁ

1 theBstudy area.

3.2 The* s ad;gﬁ S lutions vere analyzed for copper,
Fli <A i
lead, iron and zinc onée inigioég:by a solvent extraction method.
/ - ; ‘5’ # :
3.3 E e Hrg?jco%égnﬁration of copper, lead, iron
and zinc was calecul teﬁji}nd 3§sgpared to a known standard

concentration. The calcﬁiéﬁion is as follovs :

i ey
o - 1'_‘|'-'(,'~q"“
=

Percengége of Recovery (%)

L300 ) / X
. A
concentration of standard solution from calculation

Where X

]
[}

concentration of standard solution from determination
The ‘percentage of recovery is a factor used in the

calculation of Teaty metdal conCentration \if seawater 'samples.

Data Analysis.

1. Quantity and Distribution of Heavy Metals.

A comparison of heavy metal concentrations found in this
study was carried out with different approaches to identify their

distribution  characteristics during different ship-breaking
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activities and distances from the shoreline in relation to
prevailing current. In addition, heavy E;;al and dissolved organic

ol 3

carbon  concentrations were also analyze{‘ to identify their

relationship.

2. Impact of Heavy Me on Bivalves.

p-steels.

Four_EiedG&

their initial concéntrations in the seawater in order to identify

the quanti@] 34 Bhid Wl kY b age W)k egeers.

; ratig§s were compared with

The average and standard deviation were calculated by

the following formula.

Xy + Xo + Xq +...+ X
Average (X) = . : 2 =

N
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and
L (x-X)?
Standard deviation ( SD ) =
' N
Where X] reees XN = concentration of metal in each sample

er of sample

Auganeninens
QRAINTUNNINGINY
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