PRELIMINARY STUDY ON THE IMPACTS OF PRODUCED WATER
TO THE SEEDLING OF TERRESTRIAL PLANT

M.5, Wibisono

ABSTRACT

This research study used the oil-field brines (produced water) from West Java ar o test materiol and aimed fo
discover the short term and long term offects on the test plant. The chemical properties af such oil-field brines were

also examimed and clacsified

Young (15 days old) stage of soy bean Glwcine max. (Merr), L.} was used ar the fext plant. Experiment was
carried ouf in a small green house using several pots. A completely randomized design war applied to & treatments
(concentrations) and 4 replicates for the pertod of 12 days under the DC50 {Dienage Concentration) value. Each rep-
ficate consists of 3 pots, and every pof confmns 3 text plants. The ohservation was carried oul until day 10 afler 12

dena of freatment

The following were observed. the height of the plants. the width of the canopy and the number of leaves. Chio-
ropid contents were also examined as an additional observation at the end of experiment, Data was anahzed by
Anava ameway using the Minitab package. The results of the experiment indicate that almost all treatments were sig-

nificantly different from the control treatment

L INTRODUCTION
A. Background Information

Exploration and production activities of petroleum
industrics in Indonesia have intensified recently, Such
activities will of course bring positive impacts in such
form as the improvement of foreign exchange for na-
tiomal development.

Consequently, output of produced water or oil-field
bnines is increasing. If such effluent is discarded in any
place, it could lead 1o environmental pollution problems,
not only damaging the agnculiure, but may also pollute
lakes and rvers which provide drinking waler as well as
waler for imgation purpose (APL, 1962 Kinghom,
1984). This means that either the community  stnacture
of aqualic organisms or the terrestnal plants with their
carmyving capacity will sufTer from deteriomtion and deg-
rdation

Ficld observanon in North Sumatra, in 1986, showed
that several species of plants. 1. cassavn (Aamthor

uhilisima), com (Zea mays), bamama  (Mica
paradisiaea) which were grown in the allotment near
the effluent water-pond, died. It was suspected that this
might be due 1o the overflow of the pond during rain
fall. Some trees in the wood nearby the oil-ficld which
received the overflow of the pond were observed to be
also suffering from growth disturbances, though the oil
content in the effluent was relatively low (10-30 ppm).

The impacts of oil pollution in soil on rice and 50y
bean plants have been studied by Partodidjojo, et al,
(1974). But there is lack of information on the impacts
of produced water on terrestnial plants. Impacts on vege-
tative growth of soy bean are presented in this repor.

B. Estimates of the Amount of Effluents

Since the amount of efMuent vancd annually and
there are also some variation on waler contents in crade
oil among oil reservoirs, Several faclors delermine the
amount of efMucn
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= water contents of the ol which is usually between
40-=80 %o

=  dmining frequency of efMuend
= daily oil production capacity
= total production active wells

The annual avemge production of oil producers in
Indonesia from 1984 to 1990 is 448,152,756 barrelyr
respectively. IF we take the assumption about 60 (the
median value between 40-B0%) waler confents in the
oil-fluid, then the avemge volume of efMuent {(produced
water) 0 be discarded into the emvironment will be
672,529,174 barrelyr’ or 56,044,094 barrel month’
miare or less.

Unfortunately, very litde information s available
about the amount of produced water which is injected
back o the well for mcreasing oil production by waler-
hfting method

Skeie (1989) predicted that discharges of produced
water in the North Sea were at a mie of 110,106 1on-
nes.yr ' in 1990, Using the above assumptions, it scems,

C. The Aim of the Snidy
The aim of the present study was (o determine ;

i Level of concentration of produced water which
sians o dunage 50 % on the et plani (DC30),

b. Long ferm biological effects of produced water on
the test plant

IL. LITERATURE REVIEW

A. General Chemical Properiies of Produced Water

Ostrof (1979) and Kinghom (1984) stated that the
dissolved solids are commenly found in the mnge of 010
more than 300,000 mgA The main jons are Ca™", Na',
Mg, CF, S0, and HCOy . Cations consist of mostly
metals and NH;" Ammonia is in the form of dissobved
gas and il appears (o depend on tempemiure and pres-
sure, Another jon which solubility is aflecied by tem-
perature is Ca’'. Furthermore if there is a considerable
amount of dissolved COy, it will poduce Ca-bicarbon-

te salis, follow the reachon:
that the amount of discharges in Indonesia in the same " u+ “*+CEI gl P
year (+ 701,214,115 barrelyr™) is less than the above CaC0y+ B0+ 00, COy,
rale in the North Sea
Table 1
Ol preduction from oll producers in Indonesia
unit | bamel
Yoar | Pertamina I PPT Mig 4  Producer —- =
4 Prod,. Shar, Ol Contr. Taotal
1084 31421141 203081 | 397308300 5766085 434700507
1985 20960472 89702 | 40143020 | 8450078 438043271
1686 20228101 192816 425768804 | 7276073 467465884
1887 26705789 210251 ! 418001350 | 422321 455230721
1688 24721128 | 48200 | 3sizz24 | 14840175 431222227
1089 25403162 . 408808395 | 15110047 449321604
1850 24299044 . QoTra1se | 12402874 457478077 |
* = ey i i
(hioted from ¢ Diata den gyl mppas don poriey fumi

Ditjen Migas, DPE, Dex. 199}
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Magnesium salts appenr to be more soluble than cal-
cium zalts, while elemental potassium which may pro-
duce sinble minemls such as feldspar and mica, is mrely
found in oil-field brines. Alkali metals such as lithium,
rubidivm and eaccium can also be found in A small
amount, Ciher metals such as ron, alummiom, mangs-
nese, Hne, copper, lead, mercury, and bomon are foand in
viery small amounts,

A lot of silicaie is commaon in the sediments, so this
ion is expected to appear in oil-field brines, usally in
the form of unionized collowdal liguad. If there is no cal-
cium, then Muonde will appear. lodine can also be found
in produced waler and this 18 presumably considered ns a
substance denved from manne flom ongin

Ohrganic compounds that contain nitrogen can be de-
tected though in & small amount and in the form of
aming acids such a8 senne, glycine, alimne, arginine
since these compounds are easy to dissolve tn waler,

Fafty acids which contnin hydrophilic and acidic
groups tend 1o dissolve with the colloidal fonmation. The
solubility will increase with the increasing tfempemtune

Maphtenic acid may also be present in produced
water, It means that if the wells produce naphienc
crudes, the maphienic acid contest will be very high
comparcd to those that pmoduce pamfTinic or iniermedi-
ate crudes. Ritenhouse (in Ostrof, 1979) concloded that
elemenis and chemical compounds in produced waler
were: prinuary compounds (Na*, Ca™", Mg™', Ba™, CT",
COy", HCOy, 50,7), other compounds (H,S, oil con-
tents, amino acids, farty acids, fodine and NH, ') and mi-
cro elements (Cr, “u, Mn, Ni, Sn, Ti, Zr, Be, Cd, Pb,
Co, Al, B, Zn, Li, Rb, Ce and Hg).

B. Some Biological Properties of Soy Bean

Soy bean as  sccond crop is a well known plant
This plant belongs to the family of legumes or Papil-
lonoldae, geous: (ihcine and species: (Ghoine max
(Memil), L.

As o small shrub, this plam stands upnght, has a
short peniod of life and dense leaves with a vanety of

morphology. The height of the plant mnges between 10-
200 cm with a few or many branches depends on its cul-

tvar and ervimnmenial condition The young sprout ap-
pears in £-5 days after the secds are innoculated into the
substrate

Vegetaiive growth is the stage of the growth starting
from e cxisience of the sprout (VE) then continue to
the cotiledon stage (Vi) first node stage (V1), V2, VI,
Mo The growth peniod from VE to Vin usually needs 5
I b weeks respectively

There 15 evidence thail dunng the vegelalve growih,
this pland ks influenced by seveml factors such as

= ftempemiune
» photoperiodicity
» pH of subsimees

= mitrenks

NL METHODOLOGY
A, Tew Comrainer

Severil pots with the size of 20 cm high and 24 cm
in dumeter wene used as lest containers, These contmin-
ers were armanged al mndom in 4 series (4 replicates).
Ensch repliciate consisis of 3 pols and every pol containg
3 test plants. All pots were Tilled with + 6.5 kg of soil
miixved with sand and memere inoa certain mibio (2.1 1
pans by vol) a3 a substrate. [porganic femilizers were
also added with 330 mg wrea, 560 mg TSP and 180 mg
KECIL Urea was mven twice, first st the beginning of in-
oculation of the seeds and secondly al the time where
the plants were 30 days of age While TSP and KCI
were given once al the same time that was al the inocu-
lation of the seods.

The expenment was carned oul in a small green
havizse

B, Tewr Plant

The voung (15 days old) stage of soy bean (Glycine
max, (Merril), L) was used as the test plant This species
wias chosen because of it shor period of life, so the im-
pacis could be delermined prompily and easily. The rea-
son of using seedling is that the voung siage is umully
vulnemble agningt the change of environmental factors.
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The sceds of soy bean were obtained from Bogor Horti-
cultural Research Institute.

C. Test Maierial

Produced water, kindly supplied by Peramina Ex-
ploration and Production Unit 111 (UEP 111}, was used as
test material,

The pmduced water was sampled at the outlet point
after the efMuent flew through the oil catcher st 10.00
am At the time of sampling. pH and tempemure were
measurcd on sile. Carbonale and bicarbonate ions were
examined by titmtion in the field after the tempemture
decreased 10 the ambient tempernture more of less. The

wiler sample was presenved by 1 mll of concentraied
HNOy for metals examination, and the other container
filled with water sample was preserved by some amount
i+ 2 g of HgCl; for hydrocarbon examination. HgCl,
was used to kill all microbes by oligodynamic mode of
sction so that hopefully no hydrocarbons were metabo-
lized by them

The chemical properties of such oil-ficld brines were
examined in LEMIGAS Inboratory and then classified
according to Palmer (1911}, They are shown in Table 2.

The data from Table 2 show that the produced water
has no sulfide contents. It might be due io ihe chemical
composition of s sedimentary mcks and the crude oil
that has very low in sulphur contents. €1 and Na® are

Table 2
Chemical properties of oll-field brines

No. | Parameter Unit Methods 1t 2nd Mean
1.f pH = pH-mater T2 T8 ™
2| HCOy™ g Titrimatry 4549 447 3098
3| coy” mg Titrimetry nil 59.07 2054
4 cr mgA Titrimetry 15597 .12 156360 15616.56
5.| 504" mgh Gravimetry 57.0 nil 285
8|8 mgh Patentiometry nil nil il
T g Vis-spectro 251 313 282
B | Ol cont ppm iR-speciro 487 215 358
.| Na* ppm Cale 10105 18 1013038 10117.78
10.| ca®* ppm AAS 580 | 7022 631.10
1. mg™ ppm AAS 05 7.04 377
12 | Ba™ ppm AAS M| a4 1.62
13.| &r ppm AAS Be03 | - -
14.! cd ppm AAS <001 003 <002
15| Cu ppm AAS 0.014 003 0.02
16, | Mi ppm AAS =0.01 008 < 005
17.| Fe ppm ASS 07T 1.18 088
18.| Pb ppm AAS il 018 0.09
18.| Mn ppm AAS ni | 055 028
20.| Co ppm AAS nl | 015 0.08
) lmip was ol of order
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the maun jons of produced water as in the marine water,
this gives it the saline taste. Based on this propenty, pro-
duced water was considened as connate water from an-
cienl sea water followed with deposition process and
senics of reactions for a long time. This was considered
as an "old fashion’ theory since the composition of sea
water is nol identical with connate water. Connate in
geological termunology is any waler trapped in sedimen-
tary rock dunng its deposition. Kinghomn (1984) staied
that produced waler is any water that occured naturally
and have existed in sedimentary rock before drilling,
without considering its origin

The pH is more than 7 so the impacts on seedling
can be eliminated. Barium and strontium are very impor-
tant determinants because these two clements may pro-
duce the insoluble sulphate and carbonate salts which
tend to close the pores of the soil, resulting in the de-
crease of its permenabitity

It 15 evident that the oil content is very low (less than
3 ppm) in the produced water, so that the impacts of oil
on the tesi plant could also be eliminated

D. Classification Method

The first step in classifying produced water is to cal-
culnle the reaction value (R.V.) of the primary com-

pounds. The R.V, is a result of multiplication of concen-
tration and reaction coefTicient (R.C.). The RC is a fig-
ure oblained from the valency of the element devided by
i atomic weight. The calculation of reaction valoe is
shown in Table 3,

The nexi siep is 1o classify the produced water ac-
conding to Palmer (1911) by using the percentage of re-
action value,

If a = the percentage for allkaline metals (Na)
=4781 %
b = the percentage for alkaline earth { Ca, Mg. Ba) =

347 %

d =the percentage for mdicals of strong acids

= 479 %

it secms that |
d>a d<{a+b) so: 2a=Prnmuy salinity = 95.6 %

2.(d - a)= Secondary salinity =018 %
2{a+b - d) = Secondary alkalinity = 6,76 %
The produced water is classified as Class I11 or 5152A2.

E. Bio-axsay

Though the implementation of the test in this stdy
followed the general principle of assessment as recom-
mended by APPHA (1990) and OECD (1984) there was

Table 3
Calculation of reaction value
L RC. Concentration RV.imea) =,
(megimg) {meg )

Na® V23 0.0435 10117.78 440123 47.81
Ba" 21373 0.0148 1.62 0.024 0.003

ot 2040 005 6311 31,555 343
Mg 2/24.305 0.0823 an o.M 0.034
80y 2/ 00208 785 0553 0064
1 g 1355 00282 15618 581 440,287 4784
coy” 2160 0.0323 2054 0.684 0.107
HCOs™ 1461 0.0184 390 8 8557 0712

920,533 100.0
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a hitle modification since ireatments were not apphied on
population level but on individual level So the output
was not the LC 50 but the DC 50 (damage concentra-
tion) within a certnin period of time which was deter-
mined arbitrarily,
1. Germination phase

The seeds were germinated and acclimated for at
least 1B-20 days from the time of inoculation or 15 days
after the seeds staried 1o sproul. During this phase the
seedlings were sprinkled with anesian waler.
1. Preliminary test

This was lo determine the mnge of critical concen-
tration between the upper threshold (N) and the kower
threshold (n) concentmitions, whene:

N= ihe lower concentration af which most of test
plants are damaged at the kevel of more than 50%
within 7 days of reatments,

n= the highest concentrtion at which most of lest
plants are still in good condition or less than 50%
level of damage within 14 days of treatments,

A gradual increase in concentmbtions of produced
waler were made by mixing it with artesian water as fol-
lows: 10, 50, 100, 500, 1000 ml] and Controls, sprin-
kled 0 the seedlings, twice daily. For the accuracy of
the test, OECD (1984) recommended that at least 80 %
of test plants in Control treatments should be in good
and healthy conditions from sprout stage until the end of
the experiment. From this phase, the nand N value were
obtained: n = 100 ml1 and N = 300 ml as shown in Ap-
pendix 1.

3, The DC 50 est

Al this phase the interval treatments between n and
N wem armanged and calculated logarithmically as
shown in the formaila ;

N
St 2 ()

a|g
i
I
n
l:rln
i}

log :—'r = k log HE TV LR P )
whem a = (he smaller concentration following n

k= ihe amount of treatments o be desired

Any concentration that produces 50% level of dam-
age on the test plant during 14 days of treatments can be
determined by plotting the resulis on & semilog gmph
paper. The abscis represents log concentration and ordi-
nate represents the percentage of damage level Determi-
nation on damage level was also camied oul by sconng
according io [RREI {1983} as a supporting method. The
results of the DC 50 test are shown in Appendix 2 and
the DC 50 value was obtained from the graph which
shows as much as 416,58 mb1L

4. Long term fest
Some concentrations were armanged a8 follows
0% DC50=20%X 42658 ml1= 8532 mi1
40 % DC 50 = 40 % X 42658 ml] = 170,63 mll
60 % DC 50 = 60 % X 42658 mll = 25595 mll
80 % DC 50 = 80 % X 426,58 ml1= 34126 mll
100% DC 50 = 426 58 miA
and Control ireatments.
These concentrations above were given for 12 days

of trestment and then stopped, followed by watering
from aresian well only up o day 10 of observation.

F. Parameiers to be Observed

The obhservation was camried ouf undil the plants were
I8 days old which is the maximum age of vegetative
growih phase,

The following were observed
a. The height of the plants, measured once every 3 days.

b, The width of the canopy, measured omce every 3
days.
¢. The amount of leaves, calculated every 3 days.

d. Chlorophyll contents were examined ai the end of
the experiment.

Some leaves were taken from the green house of
each treatment, wrapped by aluminium foil, and then
kept in an ice-box afier labelling. Chlorophyll was ex-
tracted in the laboratory from 2 g of leaves of cach treat-
meni using 80% aceton solution as solvent. The gross
extract was filiered with no42 Whatman paper filier
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and poured into 125 ml dark glass bottle and closed with
glass stopper. All bonles were wrpped by black plasiic
sheets to protect them from any light which maoy destruct
chlorophyll. They are then placed and kept in an ice-box
at the temperiture of + 5°C. Spectrophotometer was
used to examine the chlomphyll contents at the wave
length of 663 nm and 645 n

G. Experimental Design

A completely mndomized design was applicd in this
study with & concentrations under the DC 50 value and 4
replicates for the penod of 12 days, The data was ana-
lyzed by Anova one way using the Minitab package
witha P.C

IV. RESULTS AND DISCUSSIONS

A. The Height of the Plants

When the scedlings were 15 days old, the mean of
beight was 13,85 +0.52 cm. At day 3 1o day 6 of treat-
mesnis, the height was mnging between 15-17 em It
seems Ut the difference of beight occured at day 9
where the plants in Controls grow higher mther than in
treatments. The significant differences amongst treat-
ments were clearly seen ot day 12 1o day 10 after trem-
menis.

The results of observation on height of the plants at
day 10 after treatments a8 shown in Table 4

The statistical (Table 4a)shows (hat F value ot the
level of 0,05 with degrees of freedom (df) = 5 is 2.77
and al the level of 0.01 the value is 425 anova shows
that F value is as much as 13 26 which is higher than
those given by 95% reliability. It means that all treat-
ments were significantly different from the Controls.
The significant difference on height was presumably due
to the disturbances on cell metabolism particularly at the
point of growth affecting the growth hormone, cg
auxin. This process might have stanied from the decrease
of permeability of the soil coused by the production of
insoluble sulphate and carbonate salts of Ba and Sr as
mentioned earlier. At higher concentmtion of treatments,

the permeability decreases mpidly. As the result, roots
will kewe difficulty in taking nutrients so that the plants
will suffer from nutrient deficiency .

The impacts of N deficiency affect seveml biological
conditions such as chlorophyll contents on leaves (chlo-
rosis), decrease in amuno acids and amide formations.
While P deficiency couses the plants suffering from
chlorosis, stunted growth and enengy transfer impair-
ment. The mlke of K element is very important in photo-
synthesis, water balance and turgor regulations.
Generally, K deficiency will be followed by micro nutri-
ents deficiency particularly if the concentration of cal-
cium is higher and the impacts will be very severe.

The impairment of the growth was also caused by
the soil which becomes saline, subject 1o the produced
waler confamination. As the comsequence the leaves
were dehydmied. If the permeability decreases, the
maisture of the soil will be affecied. Case (1977) staled
that if the moisture of the soil decreased, the salinity of
soil solution increased. He informed that the root system
was unable to ftolemte salt concentrations more than
1.5% dry weight of soil.

Such treatments also made the plants in stress condi-
tions. Stress is defined as an emvironmental change
which induces reduction of plant growth. It was evident
that under stress conditions which impair plant growth,
the plant hormone (cytokinin) activity declined, while
the activity of growth inhibitors, such as ABA increased
The hormonal changes emable the plants 1o adapt and
survive under new environmental conditions. This study
was carried out by Mizmhi (1980) using the tobacco
plants in oot medium (Hoagland solution) with 6.0 g
of MaCl.

The effects of NaCl (50 and 100 ppm in Hoagland
solution) on noe plans (Onee saffva) bave also been
studied by Sasmitamibardja and Dasuki (1979) o find
oul the putrienls consumption patiern. They concluded
that NaCl could increase or decrease mineral shsorption
capability depending on plant age and the sort of miner-
als absorbed by the planis:

B
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Table 4
Results of observation on height

n Ctrl 20% 40 % B0% | 80% 100 % x

1. 30,83 31.78 27 88 2572 2372 2014 160.05

2 a5.78 2811 212 28,67 2222 2319 16518

3 27.44 30,67 29.33 28.72 2378 21.72 16168

4 3622 3156 27.89 2717 27.11 21.44 171.38

b 130.27 12212 11230 110.28 of B3 B6 40 658 29

] X2 8T a0 53 2808 | 2157 2421 21.62

B. The Width of the Canopy

When the plants were ol the age of 15 days the width
of the canopy was 1387 + 0.73 cm. At day 12 of treat-
meni the difference of the width started to show, though
ol the concentrations of 60% and B0% they had a rela-
thvely equal value. Until day 10 after treatments they
gave significance difference in most treatments except

in 20% concentration where o difference with the Con-
trol was observed. Presumably the small amount in con-
centraticn was unable to afTect the widih

The resulis of observation on the width of the canopy
are shown in Table 5.

The Anova (Table 5a) shows that F value (13.14) is
higher than the values of 2.77 and 4,23 from the statisti-
cal table, meaning that almost all treatments were sig-

Tabel da nificantly different form the Controls, the exception
Analysis of variance being in 20% treatment
Observation on height The deficiency in mutrients as mentioned carlier af-
fects the branch formation, its growth and the space area
SOURCE OF &85 MS F F of leaves, so the width of canopy decreased. This proc-
FACTOR 5 |32220| G444 | 1326 | 0.000 ess presumably affects the soeds prodisction (yield) be-
ERROR 18 Brde| 488 cause the space area provided for photosy nthesis will be
TOTAL 23 |40067 narrower and limited.
Individual 85 PCT CI'S for mean based on pooled 5t Dev
Level N Mean i Dav oS o o e e e
c1 4 A2 568 4 202 [roas®mman]
c2 4 30.530 1683 ooy, ZER
3 4 28075 0 882 [een®auas}
4 4 27.570 1428 [ |
C5 4 24,208 2 065 {ana®aiaal
o= 4 216822 1331 (rea®aman]
malin e ke <l e . o o
Pooled 5t Dev= 2204 200 25.0 oo 350
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Table §
Resulls of cheervation an width
n | Control 20 % 40 % B0 % B0 % 100 % r
1 24 28 2467 2544 17AaT 28 1228 126.07
. 30.78 I5. T8 200 2389 iTAT 1764 13731
= 2817 25 T8 2422 2381 18 38 17.50 13767
'S 2778 21566 2367 2038 2228 14.13 131.81
“:.'_ 120 BE. TS 94 33 85 06 BO.D3 61681 532 88
f | 28 28 85 2358 21.27 2002 154

C. Number of Leaves

Al the beginning of treatments the seedlings had &2
+ 0.5 picces of leaves. The difference in the number aff
leaves occured ot day 9 of treatments. But until day 12
no dilference occured between 20% and 405% treatments
up 10 the end of the experimen. Most treatments were

significantly different from the Controls. The results of -

observation on the number of leaves shown in Table 6.

The Anova (Table 6a) shows that the F value (=
23.95) 18 higher than 2.77 and 4.25 from statistical table,
mcamng thal it 15 in agreement with the stilcment ear-
Lier,

Chlorosis occured at day 9 of testments and in-
creased in numbers until the end of experiment. Al day
12 of treatments necrosis eccured and increased in num-
bers until theend of expenment. After treatment at day 6

mh:;u':hﬂ two plants died. The monality increased (3 plants) and
al varance . 5
Obaarvation o uids other 3 plants withered at the end of experiment
I?WME i B ; P Chlorophy] examination as an additiomal of experi-
ACTOR 5 37983 | 7588 | 1314 0.000 Rt s Al AR v e o it
SR 18 |1o%08| 678 decrense as well. The results of examination on chiloro-
TOTAL 23 |4B3gg phyl contents as shown in Table 7.
individual 85 PCT CI'S for mean based on pooled 5t Dev
Level M Mean 5t Day P S St e e e A
c1 | 4 28.003 2768 (Siz-rnsss)
cz | @& 24.948 1083 [==es®ecasy
£33 | 4 23583 1.425 [eanatcaas)
ca | 4 21266 | 3183 (st
cs | 4 20,015 | 282 [rses®anna)
cs | 4 15403 | 2842 N e e s
A A T #FreememeseF asssmemeePosceennme ®a
Pooled 5t Dev = 2 404 15.0 20,0 250 30.0

10
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Figure 1
Plant growth within 12 days of ireatments Flgure 2
until day 10 after treatments Average width of canopy
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Figure 3
Average amount of leaves

LEMIGAS SCIENTIFIC CONTRIBUTIONS 1595 1



M5 WIBISOMO PRELIMIMNARY STUDY Ol THE IMPACTS
Appendix 1
Praliminary test of produced water on soybesan plant
Duration T days 14 dayn Ramaika
1 =
M Cirl A | B | = o] E | Cwl A B c o E
1
1 100 | 9135 9388 | 6304 3204 | O | 100 | 8556 | 6384 | 8008 | 1730 | 0 | CW = Conwel
i 100 | 8450 (6228 | @208 (2688 | O 00 | 8432 | 8588 5988 18930 | 0 | A=1000min
3 100 | 8710 | 8OBD  EI01 2089 | 0 | 100 | 79.61 | 7961 [ S8.01 (1780 | 0 | B =S0.00mi
! — = | C = 100.00 miN
Tatal | 300 |272.95 |256.76 185.93 | 8881 | 0 | 300 (24933 (24933 [177.00 | 5440 | 0 | D = 500.00 miA
Average | 100 | 91.00 | B580 | 8330 | 2960 | 0 | 100 8310 | 8310 [5930 [ 10010 | 0 | E = 1000.00 mit
Mole ; The higures represent score percentage of the plant Vi control plant
Appendiz 2
DC 50 testof produced water on soybean plant
Ih.‘ml T days 14 days Ramarks
i - g Trsil = |
N jow| A | B |c |D|E |F low| s |s|clole]crF
1 100 | 8608 G555 G340 8538 !lI:l'.'r'-l:I.l:- 100 | 7755 |B445 |S600 (6345 | 6030 | 4687 | Ot = Contrel
2 100 |SE10 (9720 PS50 (235 (8525 | BOAS | 100 (G545 (BOAS |07 |TOTS |68.53 | SO.TH | A = 13077 mi
3 100 (G843  BLEF PS5G0 | BEAE 8489 HHi1m TEXD B414 6150 6560 S5250| 34 | B=171.01 miA
Al | el L C = 223,53 mi
Total | 300 | 2073 '.:ijui:!aﬁr_.s (P84S (26148 21005 300 (25150 Z2A7S 1TEGE 1768 17533 | 14000 | D = 202 44 miA
Avetage | 100 | 5810 ﬂulun iumnlru 7130 100 B3RO (7630 (5980 (5580 (50080 | 40.00 | E = 1382 42mild
|
e — i =i 1 =i} feb bl by gafes | |

Hate | The figures represent score perceniage of the Lndemage plant ws control plant
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Table &
= = Results of observation on numbser of leaves
n Contral 20 % 40 % B0 % B0 % 100 % E
g 2511 18911 21.57 16.5‘6 18.22 1143 1131
2 2787 1733 1944 16.23 14 89 13.50 10816
E: B 2822 23.58 2023 1633 1811 14 89 122 44
4 28,67 21.33 18.33 | 18 88 1811 14 44 12077
E 10067 8133 | 1t | 72.11 68 33 54 26 4B5 4T
n 27 42 203 | 198 18.03 17.08 1357
Tabel 8a
Wbl b ¥ CONCLUSION
SOURCE | DF 55 M5 F p I. The danuige concentration (DC 50) of produced
FACTOR | 5 |42898| 8540| 2395 0000 waler was 426.38 ml.
ERROR | 18 8417 | 357 | 2 According to Palmer Classification, the produced
TOTAL 23 |49115 , _ water used in this study was Class IT1 (5] 52 AZ).
3. Most ireatments were significantly differcatl from
individual 85 PCT CI'S for mean based on pooled 5t Dev
Lavel L] Mean stn.q-_ I e e e s
€1 | 4 war | 15, | [ty
c2 4 20.333 2.703 e
c3 4 18183 l 1413 [===F==]
ca 4 18028 1644 | [=-2rascy
Cc5 4 17.083 1047 EEEE T |
cB 4 13 565 1.537 [cam®ens]
ST R L e L FeessasssanPaerssese=s
Pooled 5t Dev = 2404 o 150 200 25.0
the Controls up 1o the end of the experiment. The
Table 7 higher the concentrtions, the more severe the im-
Results of examination on chlorophyll (mg/g]} pacts that occured on height, width of canopy and
- I number of leaves
Treatment| Chia | Chib | Tatal |%efCtr, _
! - - 4 It is nocessary to continue the study to find out on
|
0% L Bl 017 144 This protocol hopefully might be used to suppon the
s 0.109| 0.056 0305 i application of RPL (Environmental Monitoring Plan)
ibed WL Cod et I Fhghies A B0 and RKL (Environmental Maragement Plan) within
100 % 0,095 n'nm___faﬁ'_f‘_ . <83 | the aica of oil production activities.
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