CHAPTER IV
RESULTS AND DISCUSSION

Seasonal variation of nutrients

There was no apparent strati inity during dry season. Salinity of
the Upper Gulf in this season were wi Hﬁ‘;ﬂ to 34 ppt. The surface salinity

distribution were shown i 4.1 The sahmity in the central part of the Gulf was
high during this periog 4 y high svaporationin the area (evaporation rate =

170 mm/month).

During wet : ly offshore. The salinity in the
area were 26-32 ppt. hwater fom O hi'aya and Bangpakong Rivers
drained into the east 1l @ " was, hig h the western part (Mae Klong
and Ta Chin Rives) w | % y ¢ eastern part. For the first 20 km
from the coast, there was so 't teral effect: freshwater on salinity but beyond that

area the water was vertically ‘_ Fmitx

Phosphate giid_total ph ' range of 0.07-2 and 0.2-5

A9
mn of phosphate and total
phosphorus were n

? dlﬁerﬁ or both wvertical ami horizontal line, while high
concentratio m nﬁ afthe Gulf and also in
the central p%ﬂu 3 mm:; high (Figure 4.2 and

q Wﬂ@ m imuejﬂ g m&lﬂm&m and total

phusphnrus were highest near the river mouths because of the terrestrial inputs effect.

umol I", respectivel

Concentrations of phosphate and total phophorus ranged in 0.05-3 and 0.1-7 umol I,
respectively. A little difference of phosphate and total phosphorus were notified in the
vertical line but there tend to decrease along the distance from the shoreline.
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Figure 4.1 Surface salinity in the Upper Gulf of Thailand during 1989-1994"
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Figure 4.2 Surface concentrations of phosphate in the Upper Gulf of Thallanﬁ'ldunnu 1989-1994

awmﬁmm URIINYIRY



=, Ak _:ﬁ’.:. .j
'.'}',-"ﬁ_. =
A 7S

"“:\

fl- s, Y.

33

RIAINIUNRINY A




Figure 4.4 Surface concentrations of nitrate in the Upper Gulf of Thailand dubing 19891994 ¢
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During dry period, nitrate and nitrite varied in 0.2-10 and 0.05-3 umol 17,
respectively. The general distribution of nitrate and nitrite were found that there tend
to decrease along the distance from the coast both in the eastern and western parts but
the highest concentrations were obviously observed in the central part of the Gulf
when the evaporation was extremely high (Figure 4 4).

During wet season, large

ount freshwater input into the Upper Gulf, and

higher concentrations were obs nitrite were 0.5-13 and 0.03-5 pumol

By classified the

=it west and central part), long-term
variation along the vertical p.coﬁlegt th

 parameters are shown in Figure 4.5 to 4.8.
‘ e concentration of nitrate,
phosphate and tota sphorus along | lain hese variations emphasized

........ |
ly well nnxed nf‘ the nutrients in'the Upper Gulf

The te mm iﬂmﬁ j‘ be illustrated in Figure
45t0 48 w th m inity, nitrate, phosphate
and total phosphate: in the U 5 er Gulf of Thailasd. The values 8F salinity were in the

rangea wt";]?a’ﬁﬂm maﬂl’] an anjnfl]ia'l%llme which lower

in the dast and along the coastline, while the central part of the gulf had higher
concentration during these periods.

that there were verti »f

The concentration of nitrate and phosphate were high along the shoreline
(particularly in the eastern part) and low in the central part. Long-term variations of

these nutrient concentrations along the Upper Gulf show no significant fluctuate
during these period.
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(c) eastern part during 1987-1994.
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Figure 4.5 (continued)
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Figure 4.5 (continued)
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Figure 4.6 Long-term variation of MH@&Q@W&MWQ&M (a) western part, (b) centra

part, and (c) eastern part during ]93?-1994
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Figure 4.6 (continued)
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Figure 4.6 (continued)
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Figure 4.7
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Figure 4.7 (continued)
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Figure 4.7 (continued)




(a)

e i 1) .
: st E
1 -
L]
It .
* 0 Erg & .
f
o g ’-l-!'a.
[ 4 o
e " s T ﬂ:'t ‘s 3 ju
bo 1 B ' o sg ﬁ‘
----------------------------------------------------------------
-------------------------------- -- - BEEEEsEARETEOESE e
e it
e | o Hrte '} st
= =
: . .
&
§ ¥ .
a° e ]
E ow :.l 5
'I ‘:‘ I ® A0 L]
= Sa g L) ' . e . . s i .
. % il 5 : Ao YL 3° Penf LT
N ) I I I .‘ llllllllllllll
L R R T I T .HB’.J ﬁﬂ:ﬁ.iﬂ&]ﬂ ﬂ ".}::;:::::.:... ...........
ot - e

e 43 Long e v ot ) SR ENS UMD LB e 0 et o, 0 s

part, and (c) eastern part during 1987-19944
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During the study period, the amount of nutrients from major rivers increased
due to the increasing of activities along the shoreline. The concentrations of nutrients
in this area should be increased due to high loading of pollutants, but it was found that
the concentrations of nutrients in the Upper Gulf of Thailand were quite consistent
from time to time. This can be explained that the Upper Guif of Thailand performed as

the filtration area for such cuntammv //
Nutrient Mass Balance &per Gu

4 ——'
Single Longi i

unrealistically high or less ths 1

Thus some adjustments werea,pﬁgd uj« 7
that the longitudinal mixi
the extrapolations o astal @nd offshore areas were made

using a log-log re]atmnslup between these twn variables which salinity and freshwater
(river mnoﬂ"ﬁﬂm W ]gj ﬂ% 1979-1984 from the
Department {}y rrigation artment and the Meteorological

Eé{ The long-term
vm:m‘qeﬁ:ﬁ:ﬁdm;mnﬂm gm ‘ﬂ;:r Eﬂhﬂl‘ﬂ (K= ») area

during 1979-1994 varied within the range of 5x10°-3x10° and 2x10°-2x10” cm?s™,
respectively (Figure 4.11). These practical mixing coefficients were used to estimate
the nutrient exchange flux between coastal and offshore boxes and the nutrient
exchange flux between the offshore box and the Lower Gulf

The variation patterns of K. and K. demonstrated the effect of seasonal

variation and freshwater exchange (river runoff, precipitation and evaporation) over
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Figure 4.9 The Apparént mixing coefficients f ¢ box during January 1989-
May 1990 ' |

0

the Upper Gulf. Both ew and K..» ar in wet and low in dry season.
NGO THTEARTEITIER it il
was always lm%ler than longitudinakmixing coeffigient of offshore area (Kx.»). It can be
oot G e I il G Love
rate of the water mass between coastal and offshore areas compare to mixing rate of
water mass between offshore area and the Lower Gulf caused the retaining of wastes
in the coastal area particularly during dry season (K- . in dry season was lower than in
rainy season). It can be applied to explain the flushing of contaminant in the area. Any
input of contaminant into the coastal area, < 20 km from the bay head, trends to take
longer time to flush out of the area, while the input in the offshore area, > 20 km from
the bay head, would gradually flush out to the Lower Gulf
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Figure 4.10 Log-log relationship for advective outflows (Qu=Que-E+P) and
apparent mixing coefficients (K.) for (a) coastal area and (b) offshore area
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Figure 4.11 Long-term variation of practical mixing coefficients of (a) coastal area
and (b) offshore area during 1979-1994
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Figures 4.12 and 4.13 showed water advective transport and water mixing rates
for coastal and offshore box, respectively. The Upper Gulf of Thailand are dominated
with net freshwater inputs in both of coastal and offshore area, except in the offshore
area during dry period. In wet period, it was clearly found that the freshwater runoff
performed the extremely effect on the advective transport while high evaporation
strongly affected over the Upper dr_-,r period, particularly in the offshore area,
Thus, during dry period,

(evaporation in excess o

rformed as the evaporative system

inflow; residual flow is into the

-""""-__

' riverbor Mﬂnmmmﬁons were needed to
: per

uring 1989, 1990 and 1994,

concentrations of four major

rivers during 1989, 1990 a; Table 4.1. Riverborne nutrient
inputs into the Upper Gulf was estim: e budget based on these interpolated

concentrations.

10sphate and total phosphate) in

the water body for el Juation (3.6). Nonconservative

|

fluxes of phusphate rotal phosphums nitrate and nitra

e plus nitrite in coastal and

e BT T R Ty e o e o

Hﬂncunsewatwe fluxes of fhutrients &ﬂ-:}f @hﬂeﬂh‘&te} indicated

that i e el h v WA 2L s

box) in the dry season to the early of the wet season. However, the presence of
nitrate-+nitrite cannot be obviously explained because of the lack of ammonia
measurement data. The removal pathways of phosphorus consists of two important

processes (biological and sedimentation). Estuarine zone has the process which control
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(rver manoff 10 m3 -1, nutnent concentrations in umel 1-

mith-yr Chao Phraya River Ta Chin River
ol | WOy PO, TP runolf TP | moofl | NOy PO TP
Jang9 | 17670 | 239 217 140 | 16551 0.51 197 110 235 0.66
Feb-89 | 11690 | 152 159 10g | Se0s 032 | Le2 1015 238 0.39
Mar-89 | 12963 | 203 172 LIS | 14738 025 145 9,63 246 LOS
Apcgy | 10725 | 184 145 103 | 12500 025 | oss 628 320 428
May-89 | 10648 | 1E3 148 102 | 19985 133 | 262 1269 207 043
Jungy | 34838 | 343 361 213 | 39005 329 | 210 144 221 .60
F1-ER 12885 203 L7l 115 ITE24 431 093 T.83 179 08
Asgso | 10725 | 134 .49 103 | 10340 miz | 130 9.17 153 124
Sepf9 | 20332 | 258 241 153 | 16165 931 473 1673 175 017
Oct-39 | 38735 | 353 351 228 | 17631 603 | 1346 | 2720 130 0.04
New89 | 180.56 | 242 220 142 | 10725 183 | 296 13.44 200 0.35
Dec®s | 31750 | 327 3137 202 | g2 0.98 110 BAT 166 161
Jams0 | 15306 | 222 1.5 128 | 17593 045 | 055 612 3.25 L85
Mar50 | 13542 | 208 177 11§ | 17168 pul 019 375 439 23.02
May90 | 19522 | 282 233 149 | 14738 ’hshlﬁ 1.00 308 274 1.87
Mar-54 | 34100 | 339 355 210 | 1ea00 1-:31" 212 11.49 220 059
Ame-74 | 33586 33 151 109 [} B0 274 1.37
Decod | 7500 | 273 261 163 |@PW . m Et 751 185 238
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Figure 4.15 Nonconservative fluxes of total phosphorus for the coastal and offshore
boxes in the Upper Gulf of Thailand
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Figure 4.17 Nonconservatives fluxes of nitrate+nitrite for the coastal and offshore

boxes in the Upper Gulf of Thailand




Table 4.2 Phosphate flux exchange for coastal and offshore box
in the Upper gulf of Thailand

Month | River-load |Source/sink,al Export,b |Source/sink,b| Net export
Jan-89 | 4.57E+02 | -5.33E+04 | 4.86E+03 | -2.62E+04 | -3.11E+04
Feb-89 | 2.50E+02 3E+04 | 6.57E+05 | 7.07E+05
Apr-89 | 2.23E+02 |+ -1.65E+06 | -1.49E+06
May89 | 2.64E:03"1"rsd +04 L.38E+05 | 1.62E+05
Jun-89 IE x',;';“r}ﬂi -8.55E+04 | 1.43E+05
Jul-89 E-+02 -2.69E+04
Aug-89 -2.07E+D5
Sep-89 -2.21E+06
Oct-89 3.26E+06
Nov-89 |"-8.35E+03 | -121E+04
Jan-90 | 3.69E+02 6.25E+04 | 1.67TE+05
Mar-90 | 3.3E+020 | 4508 - 1.99E+04
May-90 '~.=}.— 3 44E+05 | -2.65E405 1.34E+07
Mar-94 | 1.31E+03 -3.06E+05
Aug-94 | 5.57E#03s, 4.32E+05
Deo-sl;i |m 1.67E+05
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Table 4.3 Total phosphorus flux exchange for coastal and offshore box
in the Upper gulf of Thailand

Month | Riverload |Sourcelsink.a| Exportb |Source/sink.t| Net expor
Jan-89 | 4.06E+04 | 963E+03 | LSTE+04 | 8.66E+04 | 1.02E+05
Feb-89 | 2.16E+04 | 674E+03, L 1.35E+05 | -5.15E405 | -3.80E+05
Apr-89 | 236E+04 | 8IS3E40 -L19E+06 | -9.83E+05
May-89 | 354E+0dmf L8SE -54SE+04 | 7.96E+04
Jun-89 1.33Esd y}, 04 5.41E+05 | -147E+05
Jul-89 -"'Z/:ﬂ IS0E+05 | -6.32E+04
Aug-89 ‘mﬂ‘m 5.35E+05 | 2.47E+05
Sep89 | 2. I ‘ﬁn 03E+06 | -2.9TE+05
Oct-89 | 176840 %Ems 6.35E+05
Nov-89 | 396E40M [0 14058405 | 3.00E+05
Jan-90 | 6.88E+0: ~4.70E+03 | 135E+05
Mar-90 | 3.43E+04 -$.32E+04 | 4.04E+04

8.24E+04

-7.68E+06

-6.82E+06

5.27E+05

qwnmmfﬁwﬁwmé’ﬂ
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Table 4.4 Nitrate flux exchange for coastal and offshore box

in the Upper gulf of Thailand

Month | River-load [Source/sinkal Exportb |Source/sinkb| Net export
Jan-89 | 84TE+04 | 145E+05 | -1.10E+04 | -2.59E+05 | -2.70E+05
Feb-89 | 4.36E+04 | 10484 4TE+05 | 1.15E+06 | 1.30E+06
Apr-89 | 4.92E+04 2.80E409 | 2.98E+09
May-89 | 8.24E E+06,| - -1.06E+08 | -1.09E+08
Jun-89 | 27 04| | '1.51E+ns 1.47E+05
Jul-89 | 12 | 261E+07 | 279E+07
Aug-89 | 4.56E+03 05 | B 4IE405 |\ 3.60E+06 | 3.36E+06
Sep-89 | 3.77E+0 B4 | -233E+05 | 1.15E+06
Oct-89 | 3.138%05 .;.9;' 26E+06 | -2.20E+06
Nov-89 | 7.55E+04 |-22883505 | HpasE 08, | £138E+06 | -1.52E+06
Jan-90 | 7966404 | Hadtsss | 7.24E406 | 5.88E+06
Mar-90 3.42E+05
May-90 -1.18E+06
Mar-94 -1.6TE+05
Aug-94 -1.90E+06
Dec-94 3.62E+06

9
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Table 4.5 Nitrate+nitrite flux exchange for coastal and offshore box
in the Upper gulf of Thailand

Month | River-load |Source/sinka| Exportb [Source/sinkb| Net export
Jan-89 | 847E+04 | S.61E+04 | 1.69E+05 | -1.64E+06 | -1.47E+06
Feb-89 | 436E+04 | 2.23F 79E+04 | 3.84E+05 | 4.32E+05
Apr-89 4.92E+04 )5_| -L45E+06 | -1.16E+06
May-89 | B.24E+0 E+05 -1 2.80E+06 | 8.10E+05
Jun-89 | 275 05 || 21 36E+H06 | -2.19E+06
AN ‘
Jul-89 12 5 9E- -3.45E+04 | 126E+06
Aug-89 | 4.5 :f' 13E+06 | -7.87E+05
Sep-89 | 3. E+05 - 14 02E+05 | 1.07E+06
J iy Py
oct-89 | 3.u3efosfl Fooeshs |20 T4E+06 | -2.03E+06
Nov-89 | 7.55E+04 5428704 | S4l94E+08, | -4.07E+05 | -9.00E+0s
F—t
Jan-90 | 7.96E+04 iﬁ'@sﬂ Z 5.76E+06 | 4.20E+06
BE 72 A
Mar-90 | 73]E+04 (siﬁmf’ ki TPEH05 | 3.92E+05
May-90 | 8l +04 | 6.33E+05
Mar-94 | 143E4+05 8 +08 | 5.45E+08
Aug-94 4.02E+0Gef 3.06E+05 | MGIE+08 | 1.69E+09 | 1.95E+09
2 LTI r
o sd Ve | dobiot] hdad | 51688
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the concentration of phosphorus in water not to be fluctuated (Buffering Processes).
These processes include the adsorption and desorption from the surface of particles
which maintained the equilibrium of the concentration of sediment and saturated
sediment water. The exchange of phosphorus at the surface of sediment was depended
on several factors such as pH, salinity, temperature, redox potential value, phosphorus

input rate into water body and hin wty in the water system. Adsorption of
phosphate onto surface of clay mi erdl %th the increase of and pH (highest
at pH 3-7). In case of cons . and t higher salinity causes a decrease
in the adsorption. P _L‘

Box Model

Another appro ent budgets in order to estimate
roughly internal transpo “ailmd in addition to advective

and longitudinal mixing. in, sor Js p ICularly wet season, there were
L . |

some difference betweed thé ri noff whi ained into the eastern and western
o

part of the Upper Gulf d’».&i&t‘é We reme variations on precipitation and
evaporation over the Upper Grﬂfﬁ'ﬁn" d o the water exchange between eastern and

boxes in order to con rient ansport between boxes.
I

Water and cha,nge fluxes between boxes Were calculated using equation

3.8 and 3.9 18). Figure 4.19-4.22
illustrated the%mrﬂmm m ‘Iﬂj nitrate and nitrate plus
nitrite in each boxes. In this moiﬂ m“mer between
the eaanm }ijﬁlﬁﬁ j’jrﬁf’i ntrations in the

first approach. The result also showed that there were small scale circulations patterns
in the Upper Gulf of Thailand. Most of the cases, the circulation pattern of the upper
portion and the lower portion of the area were in opposite direction. Conversions of

circulation pattern over the year were observed but no clear conclusion on the seasonal
pattern can be made.
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Figure 4._13 _ Net water transport between boxesin the Upper Gulf of Thailand
numbers indicated amount of net transport; arrow indicated direction (unit: x 10° m3/d)
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Figure 4.18 (Continued)
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Figure 4._!9 _Phnsphate budget for six boxes in the Upper Gulf of Thailand
numbers !ndmaied_m_mum of net transport; arrow indicated direction (unit: x 10 mol/d)
numbers in boxes indicated net budget of nutrient (negative: net sink: positive: net production)
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Cox  : Average nutrient concentrations at norhtern boundary of box 2
Q1-Qs : Net water transport between boxes

Cy-Cy : Average nuirient concentrations at boundary of each box

P : Precipitation

E : Evaporation
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Figure 4,20 Total phophorus budget for six boxes in the Upper Gulf of Thailand

numbers indicated amount of net transport; arrow indicated direction (unit: x 10° mol/d)
numbers in boxes indicated net budget of nutrient (negative: net sink; positive: net production)
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q Coi  : Average nutrient concentrations at norhtem boundary of hox |

Cox  : Average nutrient concentrations at norhiem boundary of box 2

(1-Qs : Net water transport between boxes

C-Cs : Average nutrient concentrations at boundary of each box

P . i

B :Evaporation
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Figure 4.21 Nitrate budget for six boxes in the Upper Gulf of Thailand

numbers indicated amount of net transport; arrow indicated direction (unit: x 10° mol/d)
numbers in boxes indicated net budget of nutrient (negative: net sink; positive: net production)
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: Average nulrient concentrations al norhilern boundary of box |
1 Average nutrienl concentrations at norhtemn boundary of box 2
: Met water trangport between boxes

: Average nulrient concentralions al boundary of each box

; Precipitation

1 Evaporation
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Figure 4.22 Nitrate+nitrite budget for six boxes in the Upper Gulf of Thailand

numbers indicated amount of net transport; arrow indicated direction (unit: x 10° mol/d)
numbers in boxes indicated net budget of nutrient (negative: net sink; positive: net production)
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- River runedT fron e ng and<Ta Chin ors

: River runoff from Chao Phraya and Bangpakeong Rivers

: Average niirieni concentrations al norhiemn boundary of box 1
: Average nulrient concentrations al norhlern boundary of box 2
; Net water transport between boxes
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: Evaporation
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Net exchange fluxes of nutrients between boxes, both phosphorus and nitrogen,
mostly related to net transportation of water while some seasonal variations of internal
activities in each box were observed which were affected by the nutrient inputs into the
box. The amount of nutrients exchanges between boxes mostly occurred in the eastern
part of the Gulf particularly in the vicinity of the bay mouth.

The nutrient budgets were also showed high activities in the eastern part of the
Gulf near the bay mouth. In this ;H o ginic source was found that became
the major inputs of nutrien ,' i bay ' mmmtminns of phosphate and
nitrate were obviously observed. The pa S 0 nalvanatmns cannot be clearly
summarized. It was also ¢ osphorus and nitrogen between
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