CHAPTER 3

RESULTS

1. MNutrients

Coastal sea water from three ,depths: surface, 3 m, and
6 m, were used to measure gross primary production with no addi-
tion of nutrient. The maximum gross primary production mostly
occured from the natural phytoplanktbn pégulation at 3 m debfh.
Oﬁly one time the hichest grogs primary production was obtained
in the surface sample (Figure 6). | Figure 6 also shows that phy—'
. toplankton photosynthesis; when incubated in the constant climate
chamber, is higher than in situ (at the éier): probébly due td

the optimum factors of light and temperature.

The variation of micronutrients in sea/water (phosphate,
nitrate and nitrite), temperature, pH and salimity wére measured
at monthly intervals (Table 6) to démonstraﬁe the change in cer-
tain chemical~and physical rpropertiespin sthewstudy-area as control

of sea water samples.

Biéassay of sea water after addition of nitrogen, of
phosphorous seperately, and combination of nitrogen and phosphorous,
show increasing gross primary production of the natural phytoplank-~
ton population (Figure 7). The data show that both P and N stimu-

late phytoplankton growth. P alone, at the concentration of

0.5 ug - at/l., nearly equal to normal PO4 - P. Reference sea

water (Tabie 6), displayed low gross premary production when
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Figure 6 Comparison between gross primary productivity of sea

water incubated in situ

at the pier (#—eo) of PMBC

(Surface, 3M and 6M depth) and incubated in constant

climate chamber (4——4).
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Table 6 The range of variations of PG, - P, No; - N, NOE - N,
femperature, pH, and salinity, of the sea water at the
PMBC pier at monthly intervals from May 1981 to March
1982 to be used as reference for all bivassay. The
pH values for Februaiy and Maxch 1982 were not recorded
dued to the fact that the pH meter was out of order).
)
Month poi -P No; <N No; - N 5 Oc o Salinity
(ug-at/L) | (Ug,at/L)) (ug-at/L) (%.)
May 1981} .15 - .304 .32 = J494.13°~ |16 | 28.6-30.0 | 8.21-8,23 31.5
Jun 1981 | .15 ~- .30} .06 - .50[.05 ~ .29} 26.9-29.0 ;8,06—8021 32
Jul. 198i .43 - .59 .16 - .641.03 ~ .11} 27.0-28.2} 0.04-8.27{32 - 33
|Aug. 1981 .10 - .30{ .11 - .29(.03 = (13 | 27.8-28.9 | 8.15-8.22 33
Sep. 1981} .43 - .50 - .30 - .502.05 ; .09.1 27.2-28.7 1 8.02-8.22 33
Oct. 19811} .19 - 304 .24 -1.6 :.07 = 20-1.26.6-23.3 | 8.01-8.20{32 ~ 33
Nov., 19811 .15 - .39: .21 - ,511.05 = .20 26.7-27.6 :8.10-8,21 32 - 33
Dec. 1981} .47 - ,72; .22 - .414{.07 - ,li 25.0-26.7 §8.02-8°24 32 - 33
Jan. 1982 '510 = 1227 .16 = .211.00 - .03 }26.0-26.5 . 8.15 33
Feb. 1982 .22 - .35 .21 - .22{.00 - .03] 26.0~26.7 | - 33
Mar. 1962 | .39 =148/ .46 = [.19|.00 ~ .03 | 27.5%27.7(| - 33
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concentrations qf nutrients were loy. Higher concentration of
nutrients were more effective in stimulating phytoplankton of

the reference, and gross primary production increased significantly
(Figure 7). Nitrogen aione was also /strongly stimulating phyto-
plankton activities, as clearly shown in" the dilution of 5 ug-
at/1 and S0 ug-at/l. Table 6 shows that the maximum concentra-
tion of No; - N of the referénce water was only 1.6 ug-at/l.

With the combination of Nsand/P in!the xratio of N:P'= 10:1 the
fesult (Figure 7) indi€ates that the rate of gross primary pro-
duction was between the addition of P or N alone at the dilution
of 0.5 & 5, 1 & 10 and 2.5 & 25 ug-at/l of phosphate nitrate,
respectively. The highest céncentration of N and P in combination
resulted in the highest growth rate. Thus from these data the
result shows that nét only nitrogen was found,t6 be a limiting
nutrient, like in other experiments, but also phospﬁofous as

well.

In this case, substantial growth occurred ‘when both
phosphorous and nitrogen were added in high concentration.
Natural iwater contdinsg very small amount of»these nutrients so
by increasing the amount of nutrients, the productivity of phyto-
plankton will increase according to the law of Liebig. When
the concentration of N is increased P becomes limiting énd vice
versa. Liebig's law cannot be used quantitatively. There will
always be a difference among conditions and species composition,

thus the variation of gross primary production in different ways.
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'NH4 was used as N-source and added in order to compare
with nitrate nitrogen (Figure 8). Ammonia also increased the
gross primary production to a level similar to what obtained
with phosphorous in this experiment. Eventhough, the result shows
that nitrate is a better nitrogen source for phytoplankton than

ammonia, it is to be noted that ammonia, turned out to be a rea-

sonably good N-source as.well.

The natural phytoplankton populaticons are composed o£
many types of organisms,' such as flagellates and diatoms, but in
fact not so many diatomé are found in this coastal sea water found
(at the pier). An experiment wag carried out in ordér to show
the effect of silicon on production of phytoplankton (Figure 92).
Silicon did not have much effect on photosynthesis, although
important for the formaﬁion of the theca of diatoms. The natural
concentration of silicon is apparently sd high that this nutrient
cannot be considered limiting. By the comparison of Figures B8
and 9 it indicates that P, N ér NH4 can increase gross primary
production to such a level that added siliéon did not seem'to

have additional effection on the production.

The last/part of the experiment) was(to enrich-the natural
phytoplankton population by additions of phosphorous; nitrogen,
.trace element (Fe), organic chelator (EDTA), seperately and in
combination (Figure 10). This part of the experiment was con=
ducted in September 1981 when the natural nutrients in the watexr
were rather high (Table 6). Among all nutrients seﬁerately
added, organic chelator (EDTA) showed the weakest stimulation to

gross primary production. Combination of all nutrients used in
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Figure 9
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Figure 10

E F PN PE PF NE NF PN PN PN
E F EF

Gross primary production as the result of different

nutrient added, “seperately and in' combination.

(R = Reference, P = PO4, N = NO3, E = EDTA, F = Fe)



41

this experiment, phosphorus, nitrogen, Fe as trace clement, and
organic chelator EDTA, resulted in the highest gross primary'
‘production.A It is to be noted that, eventhough the combination
of phosphorus and nitrogen gave almost as high a productioﬁ as
the combination of all nutrients, but when the trace clement (FE)
was added to form the combination of 3 types of nutrient, the

production was not as high.

2. Coral Water

Figure 11 and Figure 12 show that dissolved oxygen in
the coral water reached highest concentration after 4 hours of
incubation which was both in the early afternoon and decreased
when incubated further which indicated that the rate of oxygén
consumption was higher than. the rate of procution from zooxanthel-
iae and phytbplankton in both of these experimental systems.
This drop in oxygen-concentration was caused by.a number of
factors. Falling light intensity and changirg in the quality
of coral water in the 5ag; i.e., increasing pH, were probably
among the main reasons for the‘observgd decrease in. dissolved

oxXygen,

on the basis of these’data, coral '‘water-was' pumped up
from tﬁe plastic bag after 4 hours of setting up the bag, and
used for the following biocassay experiments. Data shown in
Figures 12 and 13 were obtained on the same day, llth. February,
1982. The experimental bag coutains a multiplicity of.organisms
producing and consuming oxygen. Furthermore, the bag represents in

situ measurements of coral reef respiration and production while the
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AULINENTNEINS

Dissolved oxygen in coral water inside the
experimental bag. Oxygen was measured every
2 hours during 6 hours incubations. Time

period: 10.30 - 16.30. Date : 15/1/1982.
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experimental bag. Oxygen was measured every
2 hours during 6 hours incubations. Time

"period: 9.50 - 15.50. Date : 11/2/1982.
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Dissolved oxygen in light (A ) and darxk (@)
bottles in different dilutions of mixed coral
and sea water. Date: 11/2/1982. (SW = Sea water,

CW = coral water within the bag).



light and dark bottles are laboratory meesurements of the plankto-
nic community. Therefore, it is not possible'ﬁo calculate pro-

. duction form the coral head itself in any detail. However, a
crude idea can be obtained if we consider Figure 12 and Figure

13 and Figure 17 together.

The actual amount of oxygen produced in the light bottle
is a measure of net photosynthesis. The amount of'bxygen éon-
sumed in a parallel dark botﬁle may be added to the amount pro-
"duced in the light bogtle to give an estimate of gross photosyn-

thésis in the following way:

I =/ initial eoncentratien of dissélved O2

D = O2 in dark bottle at the end of the
experiment

L = o2 in light bottle at the end of the
experiment

H{I-D) = respiration pér unit volume and time

(L-1I) = production: net photosynthetic activity

-

(ret primary production)

(I-D) * (L-I) gross photosynthesis (g:oss primary

productidn)

Figure 12 shows a difference in thiosulphate consumption (19 50”
L13 50) of 1.30 ml, corresponding tc a net primary production of
3
2039 mg C/m /day.
The planktonic gross primary producti#ity of coral bag

water as estimated with the light and dark bottles in the labo-

ratory was 259 mg C/m3/day (Figure 17). The amount of oxygen
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consumed by phytoplankton varies within wide limits. Values of

10 - 50% oxygen consumption of gross primary productign have

been fecorded. If 30% was used as a mean value, the gross p?i-
mary prcduction (Figure 17) can be converted to net primary
production by subtraction of oxygen consumed by the phytoplankton.
This gives a net primary production of (259-78) = 181 mg C/m3/day.
If this crude estimate of planktonic net priﬁary pfoauction is
subtracted from the net primary producticn of the total bag
system (Figure 12), “the production from the coral head itself

is about 2039 - 181 = 1858 mng C/m%/day. In other words, the
production from the'plamktonic community surrounding the coral
head may be half an erder of magnitude of the produciton from

the coral head itself.

Figure 13 and Figure 14 show that dissclved oxygen in
the light and dark'bottles increased with increasing amounts of
coral water iﬁ the mixtufe. In the two experiments carried oﬁt,
pure coral water from the bag showed a higher value of gross
primary production than gross primary production of the sea water
collected at BMBC piér (Figure 17)." similarly, Figure 16 shows
that ambient  water collected,outside, the bag had a singificantly
higher gross primary production than water from~ the PMBC pier on
the 1llth. February 1982, but almost the same when measured carlier

‘on 5th. February 1982 (Figure 15).

The effect of mixing phytoplankton populations of each
watex type is shown in Figure 17. When a small amount (50 ml.)
of coral water was mixed with the large volume of sea water

(250 ml.), the gross primary production decreased. When more
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Figure 14 Dissolved oxygen in light ( 4 ) and dark ( ® ) bottles
in different dilutions of mixed coral and sea water.
Date : 5/2/1982. (SW = Sea water, CW = Coral water

within the bag, AW = ambient water outside the bag.)
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Flgure 16 Dissolved oxygen in light ( & ) and dark (e ) bottles
in different dilutions of mixed sea water (SW) and

ambient water (AW). Date: 11/2/1982.
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. coral water was mixed with sea water the gross primary production
increased gxadually. However, pure coral water had the highest gross
primary production, indicating an interesting adaptation of coral
water organisms to the special ehvironmental conditions inside

the plastic bag. If these organisms were exposed to water from

the sea at large the effect was negative in terms of gross pri-
mary production. Even more so than inside the experimental bag,
ambient water from the outsidé of the bag, had much higher rates

of production. Any wayy the/sga water showed a low gress primary

production when compared with the two catagories stated.

Figures 13 & i6 show the differences of dissolved oxfgén
in the dark and light bhottles when sea water was mined with
ambient water or coral water. From these data the gross primary
production had been calculated. Figure. 17 shows the results on
both days of the experiment that the gross primary production
increased when thé“amount of coral water increased. In other

woxrds, the experiments agree in principle.

Since there are three parameters in the experiment,
namely coral water from the bag, ambient water, and pure sea
water, the effect of mi#ing these waters czn ba locked from both
ends. From Figure 17, one could either say that coral water and
ambient water increase gross primary production of the sesa water,
or on the other hand, the present coral water is very produptive,
so when more low productive sea water is added, gross primary

production decreases more.
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To check on the major nutrients thch effecf the primary
production, the amount of phosphate, nitrate and nitrité of
sea water, initial coral water befor being covered with plastic
bag, pure coral water and ambient water were recorded. Table 7
shows the high concentration of phophate néar the coral but low

in nitrate as compare to-sea water at large.

Table 7 The amount of phosphate, nitrate and nitrite in
ug-at/L of sea water,initial coral water before being
covered with plastic bag, pure coral water and ambient

water.

Type of water PO4 'NOB NQZ
ug-at p/1 ug=-at/m/1 | ug-at N/1
1. Sea water 2.09 2468 -
2. Coral water before >10 | 1.5 -
cover with plastic
bag
3. coral water (in blewd V1 0475 >0
plastic bag)
4, Ambient water >10 0.90 .50
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may cause fluctuation of salinity, therefore the variation of

gince there are tidal effects in the mangrove area which

salinity at each station at each level of tidal water height were

recorded (Table 8)

Table 8

The salinity of sea water and mangrove water of 3

station at 4"different height of waters above the

lowest low water

Height of water

above the lowest

Salinity (&.)

station M

low water (dm.) sea water § station I | station O
15 - 16 31 == 33 32
18 - 18 31.% 32 29 29
21 - 27 32.5 34 36 35
31 - 32 32 34 39 32

Gross pridary production at each station with various

dilutions and at‘'different depth'were studied. (Takle 9) . At

a water height of 15 - 16 decimeters the gross primary producti-

vity of pure mangrove water at the inner station (I) was very

3
high (443.04 mg C/m” /hr) compared to that of the sea water

3
(74.84 mg C/m /hr) . Except when a small amount of mangrove

water was mixed with sea water, in the ratio 50 ml. the gross

primary production of the sea water increased with increasing

concentration of mangrove water (Table 10 and Figure 18).
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Table 9  Gross érimary production at different dilutions of

mangrove and sea water at each station.

r7Height of water | Dilution of Gross Productivity
above the lowest the(ﬁi??ureé (g C;m3.hr_1)
low water sea | man- sea | station | station | station
water | grove | water 1 M O
15 - 16 ém 300 0 74 .84 ’ . 50.89 59.87
‘ 250 50 41.91 9g8.81 44 .90
200 100 o e Tol 38.92 50.89
150 150 155f66 ' 5.99 50.89
106 /[ /200 140.69 | 14.97 | 47.90°
0 300 443 .04
18 - 18 dam . | 4300 0./{ 92.80 : |
| 280 50 | 83.82 | 53.88 | 92.80
200 100 | 118.75 é 35.92 | 53.88
150 50 170.63 47.89 80.82
100 200 ‘ 121.58 | 23.95 77.83
0 300 : 511.89+-4 26.94 62.86
21 - 27 dm 300 0 82.80
250 50 80.82 41.91 63.85
200 100 52.26 110.76 61.92
150 150 71.84 86.81 50.89
100 . 200 137.70 50.89 59.87
0 3002 116475 59, 87 41.91
31 -1 32 dm 300 0 74 .84
250 50 77.80 59.87 63.85
200 100 50.89 26.94 74.84
150 200 53.88 8.98 77.83
100 300 59.87 35.92 80.82
0 80.82 0 89.80

+ (dissolved oxygen in dark and light bottle are equal)

- Height of water predicted in decimeters above the lowest low water.
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Table 10 Relative differences in gross primary production calculated
for nixtures of sea water (SW) and mangrove water (MW) in
relation to pure sea water. The % increase (+) or % decrease
(=) of GPP is calculated according to the formula:

GPP (MW) .100
% GPP GPp(SW) 100 (Data from Table 9.)
‘ Gross primary production compare to pure
Heigth of | S| % g [ ‘ seajwater” (100%)
<l

water water | 3 4 ©
15 -'16 dm| 100 C 100%

83 17 ; - 44 - 32 - 20

67 .33 + 76 1w+ 32 - 40

50 50 +108 -~ 48 - 32

33 67 + - 88 - 92 -~ 32

0 | 100 + 492 - 80 - 36
18 - 18 dm|100 0 | 100% ‘

83 | 17 - 10 = [42 0

67 33 + 22 = Xal - 42

50 1 50 - 84 - 48 o= 13

33 | 67 1+ 106 - 74 - 16

0 100 +1 452 &y a7l - 32
21 = 27 Am{1l00 . -0 100%

83 17 c o= 0 = .53 - 23

67 33 : &~ 300 + 123 - 31

50 50 - 20 - 3 - 43

33 67 + 53 - - 43 ~ 33

0 100 + 30 - 33 ~ 53
31 ~ 32 dm|100 0 | 100%

83 17 ' + 4 - 20 -

67 33 ~ 32 - 64

50 50 - 28 - 88 + 4

33 67 - 20 - 52 4+ 8

0 100 + 8 - 100 + 20
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water (SW) mixtures in different dilutions (height of water

15 - 16 dm above the lowest low water).
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Figure 18 The gross primary production of mangrove water (MW) and sea
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The result is similar at 18 - 18 dm. of =ztation I (Table 9 and
Figure 19), the gross primary production of pure mangrove watexr

is 511.89 mg C/m3/hr while that of sea water is only.92.80 mg
C/m3/hr° The data obtained from the middle part of the mangrove
(Station M) and the cuter part ($tation 0) for the gross primary
production'of the pure mangrove from these two levels (15 - 15 dm,
18 - 18 .dm) were very low, lower than that of sea water (rable 10).
At these levelé (15 - 1é dm,'18 ~ 18 dm) when the tide was low |
' the water in the innex'part of the mangrove was .cut off from the
sea water.. Phytoplénkton from the inner part of the mangrove
probably consised of local species which evolved to suit the
special condition of this part. When sea water enters the

méngrove at high tide, the cuter and the middle parts will recieve
gpecies of phytoplankton from sea water before the innef part
(Station I). Generally the gross primary production decreased
compared to pure.sea watér.when mangrové water was mixed with

sea water., May be bécause the phytoplankton transported into

the outer and middle parts met withiunfamiliar condition.

At the height of 21 - 27 dm of station I sea water
gradudlly mixed_ with mangrove water; phytoplankton Species alsc
mixed. ‘|Gross primary productions were slightly less than that
of the pure sea water when mangrove water were mixed less than
half in the mixtures (Figure 20). Over than half of mangrove
water in the mixture, gross primary production become more than
that of the sea water. When water runs off from the manérove
Quring low tide, station I becomes the first one to become a

"pure® mangrove water station. It is also the last station
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Figure 19 The gross primary production of mangrove water (MW) and sea water
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to be covered with sea water during high tide. Howevér, the
mangrove inflﬁences vere élso obvious at station M and station O
although phytoplankton's activities in some cases were rather
similar to pure sea water. Gross primary production of station O
in particular,. at this height (21 = 27 dm) showed feduction when

compared to station I.

At the height of 31 - 32 dm the sea water and manqgrove
water mixed rather homegemously, but still some effects appeared
from the mangrove.  Statiom M, pure mangrove water, showed no

gross primary production (Table S, Figure 21).

4, Domestic scwage

When sea water mixed with sewage in variocus dilution
(Table 4) the resulf of gross primary production came out in

four patterns referred to-as type L = 4 _in the fallowing.

Type ~ 1

Thié type, (pure| sewage; had. the highesﬁ gross primary
prbduction which decreased with increasing aﬁmixture of sea
water .« | This sikuation| was the 'most common,and was Chserved in 8
out of the 18 incubations (Figure 22). . The gross primary produc-
tion of pure sewage was rather high, up to 128 times higher,
compafed to sea water without addition §f sewage, obviously, the
nutrient rich conditions in the sewage (Table 11) caused this
high gross primary production. If the control of pure sewage
had not been included in the bioassays the interpretation of

the experiment would have been that sewage stimulated the gross
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Figure 21 The gross primary production of mangrove water (MW) and

sea water (SW) mixtures in different dilutions (heilght of

water 31 - 32 dm above the lowest low water).
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sea water

(SW) in different dilutions.
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50 100 150

Type - 1

- ml.SW
300 ml.SE

1000 A1
400 1 ,
500"
200,
300 275 250 200 150 - ml.SW )
- 25 50 100 150 300 ml.SE A
400 1 12,000
200- 6 ,OOO ™
L4 T 1 L] ) ”
75Q {
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4001 1,000 |
300 375 250 2004150 - ml.SW 300 1,275
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*>—_e station'I
A—a station 1T
—a station III
Figure 22. The gross primary production of domestic sewage (SE) and
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Table 11 Environmental factors measured in Klong Bang Yai (St. I -

III) on five sampling occasions during the month of April

1982.
{ | salinity "Poj -P| Noj-N | NO, - N
Date | station i » :
(%.) (ug-at/) (ug-at/'l) (ug-at/1) j
10.4.1982 | sea water | 3075 | 0.20 0.42 | - f
st. I 6.1\ 0.28 0.53 - |
st. II 14 0,25 8.80 0.001 |
st. IIT of [ s # .68 - }
14.4.1982 | sea water | 32 - - 0.47 - !
st. I 2 8.0 0.24 - |
|st. 1z | 745 fose lost lost |
st. IIT 24140\ dlle 0.59 - Z
16.4.1982 | sea water | 31 =95 0.40 - :
st. I 0 21.6 0.41 | - ;
st. TE- {4 s3.0+ 120 | - |
st. 1IT.. 0 5.1 | o.82 | - }
23.4,1982 | sea watex| 30.5 0.09 | 0.2 0.35 |
Ste I ; 2 144 0.35 _ | 2.65
st. 1m L} 6 18.8 0.6 2.1
St. III 2 - 9.4 1.0 66.0
28.4.1982 | |sea water 31.5 L 07 0.5 0.05
st. I | 2 20.5 0.45 . 0.75
st. II 9 12.2 0.2 0.70
st. III 2 18.0 1.0 11.1
3. 5.1982 sea water 32 0.5 0.1 0.3
ist. 1 0 a5 | 8.2 2.15
st. II 1 3.9 6.4 2.1
st. III o | 21.0 6.5 16.0
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primary production of the sca water. However the results of gross
primary production at different dilutions of sewage and sea water
should be explained by the combined effects of dilution upon pH,
salinity, nutrients and the organiéms in the experimental bottles.
The data showed that, at the time pf incubation, the sewage was
fich in fresh water primary ﬁroduqers, but when sea water was
added the optimum conditions was lost andrgross primary produc-

tion decreased.

Type = 2

‘This typé showed various optima of gross primary produc-
tion at different dilutions of sewage. Type = 2 was,foﬁnd in 5
of the 18 incubations (Figure:23). (Gross primary prbduction of
- pure sewage was very iow in-these cccasions. Some unknown sub-
stances blocked or masked the primary_production, However, when
diluted with sea water, the nutrients of sewage apparently stimu-
lated primary production. Of éoursey it is impcssible from this
kind of experiment to ‘State whether'‘the increase in gross primary
production,was due to stimulation of sea'water phytoplankton
utilizing, the. increasad supply of nutrients, or due to_primary
producegs in the sewage {tself. "In'the Tatter-case; 'the sewage
organisms produced oxygen because the harmful factors blocking
photosynthesis in the pure sewage were diluted to nontoxic levels.
In both cases the different salinities at different dilutions of
sewage and sea water were tolerated by the marine plankton and

or the freshwater plankton.
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v M v Al T T
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T = 25 50 100 150 300 ml.SIE50 . _ 25 50 100 150 300 ml.SE
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lOQu
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¢———0 station-I
»—————a station TII
Figure 23 THe §ross Primary production efidomestic-sewage (SE)

and sea water (SW) in different dilutions. Type - 2
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>nge —\3

This third type was observed in 2 of the 18 incubations.
This type showed a decreasing in gross primary production with
increasing amounts of sewage added to the sea water (Figure\24 a).
From this case, it is suggested that the sewage water was very
pollﬁted and toxic. Photosynthesis was blocked by some unknown
substances in the water. The type - 3 results are in accordaﬁce
with bioassayé carried ottysby Goldman et al. (1973) and Ryther &
bunstan (1§7l), In tHose bicassys seqondary treated waéte_water
was added to sea water in warious dilutions with the result that
gross primary producticn/of sea water decreased with increasing
émounts of waste water, The precise nature of the toxié substance
is not known, but as previously mentioned heavy metals and certain
organic¢ wastes may be harmful, Too much nutrienté can .also turned
to be an inhibifed factor for primary production. Metabolitgs
from bacteria may also play a rcle sincs domestic sewage is
particularly rich in bacteria derived from faeces, remains of
food, etec. These bécteria would rattack | organicymatters and may'
be able to use up dissolved oxygen, thereby creétiné anaerobic

conditioné fin"the kllong water !

Type = 4

Three of the 18 incubations showed the puzzling result
that the dark bottle values were higher than that of the light
bottle values, especially in the experiment performed on 28 April
1982, This abnormal result was found in both station I and IIX

(Figure 24 b).
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Figure 24

The gross primary production of domestic sewage (SE) and

sea water (SW) in different dilutions.
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5. Tin mine water

Water from tin mine area I at station 4 seemed to increase
phytoplankton growth invsea water when the amount of tin mine
water was increased (Figure 25). There were some varia;ions in ’
the gross primary production on different day because of variation
in the natural phytoplankton populations in each bottle and dife-
rent in the amount of nutxients., When distilled water was mixed
with sea water in therequal ‘amount (50% each) thé production
showed negative Valué (¥ight bottle < dark bottle). Obviouély,
distilled water canvbloqk prhotosynthesis of phytoplankton because
of the reduced‘salinity and lowered the concration of'nutrients

in the bottle.

Tin mine water from stations 3 and 4, were rich in nutrient,
as shown in table 12. Therefore, mixing these tin mine waters with
sea watey, were like adding nutrients to stimulate phytoplankton
growth but also ;he effects of dilution ﬁpon pH and salinity had
to bé considered. Thig stimulated was found in both tin mining
areas, although water fxom tin minegarea II, station 3 A, had lower
gross primary production compared to station 4 A whem 50% tin mine

water was mixed with sea water (Eigure 2§).

When Fe and EDTA were added into there mixtures of 50%
tin mine water and 50% sea water, the results came out that Fe
stimulated phytoplankton érowth more than EDTA and the mixing of
Fe and EDTA was better than adding the compounds seperately
(Figure 27, 28). These data indicate the possibility that some

trace metals, such as Fe, were present in the tin mine water and
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Figure 25 The gross primary production of tin mine
water (TW) or distilled water (DW) and
sea water (SW) in different dilutions.

Tin mine area I, station 4. Date: 1/12/1982.
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Comparison of the gross primary production of
tin mine water (TW) and sea water (SW) in different
dilutions between station 4A (o) and station 3A (@)

tin mining area II.
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Flgure 27

variations of the gross primary production of tin
mine water (TW) and sea water (SW) in differenf
dilutions. Fe (F) and EDTA (E) were added seperately
or in combination to the mixtures of equal dilution
of both water. Tin mine area II, station 3; date:

14/2/1981.



mg C

500

400

300

200

100

72

] _ U

ﬂuEJ’J‘I’IEWliWEJ’lﬂ‘i

505w 1008w soﬁv 150SW 150SW 150SW ml SW

am SANSTWEIENEY =T

Figure 28 vVariations of the gross primary production of tin

mine water (TW) and sea water (SW) in different
dilutions when Fe (F) and EDTA (E) were added.

Tin mine area II, station 4; date; 14/12/198l.
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Table 12 Environmental foctors at station 1 - 4 in the Phuket

tin mining area (I)

Station | Salinity (%.)] oH PO.>- P| NO, - N | NO, - N
pg-at/l] pg-at/l pg-at/1

1 1.3 6.55 6.6 57.5 2.42
2 1.4 630 || 0.7 52.3 8.50
3 1.2 480 0.92 40.0 0.80
4 o.454" A files 1,25 68.4 2.80

stimulated phytoplankton gfowth tc some gxtent. Compafison of
gross primary productions when nutrieﬁts were added seperately

or in combination to different dilutions of the mixturés, the
results indicated that BEDTA alone can inhibit phytoplankton growth
(Figure 29). Figure 29 shows that mixing of all the nutrients,

N + P + Fe + EDTA, was the best combination yiélding the highest
gross primary-preduction., However,.the experiments.showed that

P + ﬁ W.1€ MOpe necessary thén Fe + EDTA for phytoplankton pro-

duction®
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Figure 29 Variations of the cross primary production of
the mixtures of 1:1 ratio between tin mine water (TW)
and sea water (SW) when nutrients were mixed seperetely
and in cambination. Tin mine area II, station 4;
date 7/1/1981 (F = Fe' - F, E = EDTA, N = NO,

P = PO4 - P)
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