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MISSION STATEMENT

The primary aljective of the Glabal Envivenment Facility /United Nations Develapment
Prowramme// International Mariline Orgunizalion Regional Frogramme tor the Prevention and
Managemental Marine Pollulion in the East Asian Seas is o suppart | he efforts of 1he eleven (1 1)
participating governments in the East Asian reguon to prevend and manage marine pollution at
the naticnal and subregional levels on a long-term and self-reliant busis, The 11 participaling
countries are: Bruned Darussalam, Cambadia, Democeatic Neople’s Republic of Korea, Indonesia,
Malaysia, Feople’s Republic of China, Republic of the Philippines, Republic of Korea, Sinzapore,
Thatland and Vietnam. 1 s the Frogramme’s vision that, through the cancerted ciforts of
stakehalders to callectively address marine pollution darstng from both land- and sea-based
sources, adverse impacts of marine pollulion can be prevented or minimized without
comproanising desired cconomic development.

The Programme framewaork is built upon innovalive and effective schemes foe marine
pollution management, technical assistance in strategic manbime scetors of the reglon, and the
identification and promoetion of capability-bullding and investiment opportunitics for public
agencies und the privale seclor. Specific Programme strategies are:

. Develop and demonsirale workable models on marine pollution reduction/
prevention and risk management;

b Assist countries in develeping the necessary legislation and technical capalahity
to implement international conventions reluled 10 marine pollution;

' Strengthen institulional capacity to manaze marine and coastal arcas;

. Develop a regional network of stations for marine pollution menitoring;

5 Promole public awareness on and participation in the prevention and abalemenl
of marine pellution,

k Facilitate standardization and intercalibration of sampling and analytical
techniques and environmenl impact assesstiend procedures; and

. PPromuete sustainable financing mechanisms for activities requiring lang-lerm
commitments.

The implementation of these strategies and activities will vesull in appropriate and
eflective policy, manazemen! and fechnolezical intervention at local, national and regional
levels, conlribuliong Lo the ultimale goal of reducing marine pallution in both coastal and
international waters, over the longer term.

Dr. Chua Thia-Lng

Keagrona! Procranime Manacer
GEF/TINDF/ IMO Eexional Programme
far the Prevention and Managzement

of Marine Pollution i the East Asian Seas
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FoRewoRD

Festicide use has plaved a significant role in increasing agricultural production in the Fast
Asian Fegion during the past several decades. Although pesticides arve considered 10 be a step towards
food sulficiency, the environmental cost of increased pesticide wse stll raises significant concerns,
The mam problem is that even with extremely small amounts of pesticides applied on a given area,
less than 3,1% of many inseclicides actually reach the target arganism. The remainder becomes an
environmental contaminant,

In view of these concerns, a collaborative project on hazardous waste management was
conducted through a Memorandum of Agreement between the GEF/UNDP/IMO Regional Programme
tor the Prevenlien and Management of Marine Pollution in the Last Asian Seas and the Food and
Agriculture Qreganizalion of the United Nations (FAQ) at the two Regional Programme demonstration
sites in Batangas Bay, Philippines and in Xiamen, China, The Regional Programme applics an integrated
coastal manazement (ICMY approach 1o address marine pollution from both sea- and land-based
sources al these two sites. This IOM framework incorparates the implementation of an integrated
wasle management assessment and action plan (IWMAF), Peslicide appraisal was conducted as part
of IWMAP, The main aim of the study is to assist in agricullural waste management al the two sites
and fa frain local professionals in risk assessment,

This report describes the resulls of the rapid appraisal of envirommental risk from pesticide
contmmination in the two sites. In Batangas Bay, pesticide nse under present conditions presented a
relatively low risk to the marine envirenment. There were signs, however, that certain pesticides
were appearing in marine waters, and this should be considered a waring. In Xiamen, relabively
high pesticide application rates are used on agricullural lands. The reporl made specific
recommendations for preventing and reducing negative Lmpacts on coastal waters, particularly in
the vicinily of maricullure actvibes.

We wish 1o thank Dr. Davide Calamart for his efforts in strengthening local professionals in
pesticide risk assessment through lectures and hands-on (ratnng wsing models: Dr, Huming Yu, Dr,
Mario Deles Reyes and Mr, James Paw for technical coordination and guidance in the project
implementation and the review of the report; Prof. Zhang Leuping, Ms. Ma. Theresa Kalaw and Mr,
Fan Zhijie for their technical assistance; Dr. Vidhisha Samarasekara for technical editing; Dr. Leticia
Dizen and Ms. Maricel Bigal for copyediting; and Ms. Victoria Grace Aseron and Mr. Jonel Dulay for
the [ayout/graphics of the report.

Special thanks should be extended to the demonstration project offices in both Batangas and
Xamen for their initiative in developing the local capability to undertake this assessment,

The impaortance of this shady is that it can represent a cost-effective method that may be used
before engaging in a much expensive monitoring program. The findings could enrich important
baseline data uscful to the sustainable development of agriculture and industry in Batangas and
Xiamen. It is hoped that this document will be of value not only to the countries of the East Asian
Rezion but also to developing countries elsewhere engagzed in pesticide use,

Dr. Heiner Nacve Dr. Chua Thia-Ling

Seniar Hsfery Resourcey Ofticer Aegional Programme Manager

Fishery Resources Division GEF/UNDP/IMO Regional Programme
Food and Agriculture Organization for the Prevention and Management of
of the United Nations Marine Pollution in the Easl Asian Scas
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InTRODUCTION

Backorouno

The Glaba! Environment Facility/United Nations Development Programme/ International
Martme Qrzanization Regional Programme for the Prevention and Management of Marine Pollution
in the East Asian Seas {(MPP-EAS) established two imtegrated coastal management dCM) demonstration
projects located in Batangas Bay, Phulippines and in Xiamen, China,

Among the various activities in the {wa sites 15 o assess the impacts of hazardous wastes,
particularly pesticides in the coastal zone. Thus, an initial risk assesstnent of pesticides was conducted
in the two demonstration sites. The study was carried out through the services of the Food and
Agricullure Orgamization of the United Nations {(FAO) by hiring a consultant under a memorandum
of agrecment belween MO and FAD,

This veport deseribes the resulls of the work conducted in the Batangas Bay Region, Phillppines
and in the Xiamen Seas, China.

OBIECTIVES

The specilic objectives of the study are:

» Ta assess the impact of hazardous wastes generated in the Balangas Bay Region and in the
Xaamen Seas from major agricultural activities, in particular pesticide use;

«  To evaluate the information available on the different types of pesticides used for agricultural
purposes within the management boundarics of the demonstration sites, including the quantity
and frequency of application by type of agricultural crop on an annual basis, the level of these
pesticides in selected substrate or indicator species and profiles of discharge relating to arcas of
use/disposal in the coastal waters;

+  Todelineate specitic areas in the demonstralion siles that were contaminated with peslicides or
polentially at visk for comaminalion, by type of pesticide,

« To assess the management and regulalory systems in operation at the demonsiration sites with
respect to pesticide use and management and to recommend appropriate measures, options and
stratesies to be adopted in order to establish and improve such systems;

= To oassess the impacts of pesticide use on waler resources (including coastal waters) and on
primary resource-based ceonomic activities such as agriculture, fisheries, aquaculture and
eventually on coastal tourlsm and public healih, and

+ Ta recommend appropriate measures and actions 1o be taken to address the impacls arising
fratn the above-mentioned activities,

Risk ASSESSMENT

The activities described in this veporl take inte consideration that risk assessment 13 a process
which invelves many elemernts, Le., hazard identification, effects assessment, exposure assessment and
risk characterization (Van Lesuwen and Hermens, 19950, It is also recognized that risk assessiment
may be performed at differing levels of sophistication ranging from qualitative to precise evaluations
including statisheal and probabilistic considerations, as required (Calabrese and Baldwin, 1993),
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An mmitial compilation of existing data on toxicological properties of pesticides was made 1n
order to make a risk identification of a substance which has an inherent capacity to cause undesirable
effects on the aqualic environment (Calamari et al., 1997). 4 physico-chemical profile that represents
the basis for the understanding of the behavior of the molecule into the environment was defined.
The information was utilized tor inclusion in the evaluative models that will allow a generic evaluation
af the environmental distribution and fate of each chemical in a standard environment (ECETOC,
1992; Cowan el al., 1995), Simulation of the enviremmental behavier of the pesticides in relation to
the load applied into the agricultural area was also completed (MGuardo et al,, 19944, 1994,
Baldry et al , 1995}, Finally, risk assessment was performed comparing exposure and effects assessment.

Sources oF Dara

Three major sources of data were used in this report. The first included the coastal
environmental profiles for the Balangas Bay Region, Philippines (MTE, 1996), and for the Xiamen
Seas, China (ITTXDF, 1996). The second consisted of data collected locally from government offices
and from local institutions and commercial establishments (e.g., pesticide dealers). Lastly, information
was gathered from secondary literature sowrces (hooks and articles that are [isted in the references),



Physical Features

GLEOGRAPHY aND CLIMATE

The management area of the Batangas Bay
Demaonstration Praject is localed m the southern
pottion of Batangas Province. The total land area
is estimated at 271 lm®, wath a total coastline of
470 km and the area of the bay 13 about 220
km®. The drainage basin is actually slightly larger
than the area comtained within the adminmstrative
boundaries of the rezion (Fivure [ During
the warmest manths (April and May) daily
temperatures range from 23 to 34%C with a mean
of 29°C. During the coldest months (December
and January), femperatures range from 21 to
A0tC with o mean of 265C, The arvea is
characterized by two seasons, one wet and the
other dry. The wet season lasts from June to
september/October, while the dry season

normally is fram January to Apnil. The mean
annual raintall s 1.737 m. Daily rainfall data
for 1995 and 199G were used tor the computer
simulation modelling { 7afde ). These data were
abtained from the Ambulong and Tanauan,
Batangas gauging stations of the Philippine
Artmaospheric, Geophysical and Astronomical
Services Admimstration (PAGASA).

The total land area of Xiamen Municipality

5 1,516 km®, located in the southern coast of
I'ujian province, Xiamen lsland proper has a
surface area of 129 kan®. [t s surrounded by a
camplex bay with scveral islands and different
seds, Le., the West Harbour, Maluan Bay, Tong’an
Bay, linlongjiang River Estuary, the Southern
Scas and  the Eastern Seas (Fignre 21 Feure
3 shows the dramage arca and the rivers of
Xramen Municipahity. It has

been assumed that the
pesticide leads from the
Xiamen drainage basin

[ MUNICIPAL BOUNDARIES |

Figure 1. Map of the Batangas Bay Region.
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are directly intfluencing the
Weslern Seas, Tong'an Bay
and the Easlern Scas. In
contrast, the Jiulongliang
River because of its hizh
discharge mto the open sea,
= 1% considered of minor
; relevance, Furthermaore,
during periods of marine
flood tides, the sea water
circulates around Xiamen
Island, rather thin the fresh
oy waler fram the Jiulongjiang
: River, The average annual
Kaivin | temperature 15 20.9°C, the
warmest month is July wath

un average of 23.4°C; and
the celdest period 13
January fFebruary with an

1

. '. average of 12.6°C. Rainfall

is concentrated in spring
and summer scasons  with
an annual average of

1.143 m and a distinct
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Figure 2. The Xiamen Area.
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separation between the dry and wet seasons.
Annual rainfall distribution, cbtained Ly local
metcaralazical services, is wiven in fable 2

Lamp Use PATTERNS

Frgure 4 shows the land use distribution
i the Batangas Bay Region, according to seven
major categories, clearly tllustrating that
agricultural land covers less than half of the
drainaze basin.

[n the last vear, Xiamen has undergone
rapid sociocconomic development, with the
construction of a port, a large-scale development

of mariculture, industrialization and inereased
trading, 'The cultivated soil in the municipality
covers approximately 25% of {he Xiamen area,

S01L CHARACTERISTICS

Detailed descriptions of soil characteristics
have been reported in the environmental profile
documents (ITTXDFE, 1994G; MTE, 1996), The data
necessary for the calculation of the pesticide
runoff by means of the SoilFug mode] (Di Guardoe
etoal, 1994a, 19940 were obtained from the
Department of Agricalture, Batangas Province
for the Batangas Bay Region and from various
local administrative sources for the Xiamen Seas,

Table 2. Daily Rainfall {mm) Values in the Xiamen Area, 1996,

Days | Jan | Feb | Mar | Apr | Mav |June | July | Aug | Sep | Ot | Nov | Dec
1 ) o 0.9 9.5 1.7 0.3 Ti626 | 223 1] g i
2 o o 0 9.3 0.2 0 28 hvD A 0.9 0 J 1
3 a { 01115 8] 0 1] 04105 0 0 T
i 0 9] 0 0.2 0.3 {0 T | 25 0 0 T 0
5 9] 0 0 T 1127 0 a 0 0 d 8] a
5 T 5] 0 |10.6 8.5 0 01123 0 a 0 0
7 0 0 T 0 0.4 0 0 | 36.8 T 0 T ]
1] T T 0 2.3 6.2 0 0| 16.1 0 T a 0
g o ] 1.4 T T Q 0.6 3.3 2.1 1.1 1.5 T

10 a Q1.7 [ 175 0 a Y 1.4 0 0212 0
1 Q 8] 0 T 3.8 0 [ 1.4 o 8] d 76 o
12 0 0 4.2 0.6 0 0.1 6.6 a 8] J T J
13 0 1] 3 3.1 0 1.4 0 0 0 T o ]
14 o o T T 0 g 0 T o] a5 ] 0
15 0 0 a 1] 4] 1.2 3] a2 0 0 T 0
1 0 T ] 0.3 o 0] 10.3 0| 42 4] 0 4] 0
17 4] 0 o a 0 0.1 a V.8 0 i 0 0
18 1 T1 47 9] 0 T {l T 0 il o 0
19 0 1149 4.5 | 45.7 d o T. 0 1] ] T 0
20 0 4.2 4.1 | 29.2 g 1 8] J 0 0.9 T 0
21 0 18 i’ 1] gl122 8] 0 0 0.3 Q] 0
22 i 3 T T 0 2.8 o 0 T 1] Q 1]
23 4] 3.2 ] a o 18 J 1179|214 0 T o
24 g ]132 o a 0] 109 7.7 36 T i 8] o]
2 0 1.3 5 a T 1125 0 0.4 0.6 0 o 1.5
26 o 121.8 a 0. 272 0 0 ] 0] 03 0 4
27 T o] 3] 5] 4.8 0 1932 9] 1] 0 a T
28 0 T 0 0 | 209 0.6 | 50.4 0 0 o 0 o
29 a 32.2 0 |54.2 T | 28 (463 0 Y] 0 a
a0 i 52.6 0.7 31 0 a 0 8] a ] a
i 0 303 0.4 T 1.5 0 0
T=Irace



Quantification of Pesticide Loads

AcricuLTursL Lann Use

The general land use patterns in Batangas
Bay basin are shown in Figure 4. Tables 3
and 4 present the patterns of agricultural use
in 1885 and 1996, respectively, Tabde 4 shows
data from the Department of Agriculiure in
Batangas which reflect the current situation and
refer only 1o the major craps on which pesticides
are actually applicd. These major crops are rice,
corn, mange and vegelables, Sugar, banana,
peanuls and fruits use only minimal quantities
of pusticide.

The azricultural use in relation to total
land use in the various Xiamen Districts s shown
i Fade 5 Thibde 6 shows that crops In Xiamen
which wilize only minimal quantities of pesticide
are rice, peanuls, vegetables and fruits.

ArprLicaTioN OF PESTICIDES

In the Datangas Bay basin, herbicides are
applied only on rice. Fungicides and insecticides
are used on mangzo and vegetable, while
insecticides and acaricides are applied on any
crop type. The rate of application reflects the
standard use of Lhe products in common
agricultural practice. Table 7 lists the crops,
periad of apphication, type of pesticide and
application rate in kg active ingredient per
hectare in Batangas Bay.

In the Xiamen basin, herbicides are applied
only 1o rice, while fungicides and carbamates
are applied on any crop. Organophosphates are
applied mainly on rice, and orzanochlorines on
fruits and vegetables, The application rates reflect
the standard agrochemical use of the different
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Table 3. Distribution of Area {ha) by Agricultural Land Use, Eatangas Bay
Region, 1985,

Municipality! | Paddy Upland Corn | Banana| Sugar- | Coconut | Coconut | Coconut | Coconut| TOTAL
ity Rico Rica Mon- cang {Mono- (Multi- Banana | Shrubs AREA
Irrigated crop) slorey)

A, Coastal

Batangas City 138 2215 §38 m 5,358 28 28 1,689 10,715
Eauan 245 329 52 26 2324 250 G5 3,400
San Pascual a2 285 a7 16 2 505 2,604
habini 22 GG 1564 G5 1,697 2,284
Subtotal BET 2,895 247 153 | 11,197 222 346 i} 3,451 15,204
B. Intertor

Lipa City 1,712 G52 T2 4,556 195 8,186 16,383
Cuenca 518 a2 T 1.053 832 148 Z.841
Ibaan 1,028 134 131 £.955 +] 7265
Padre Garcia 1,150 1,411 GEQ G4 4,264 305 AOR 145 B578
Resario &,BO6 1,302 265 o3 | 2898 114 265 2349 677 14,773
San Josa 257 G2 27 1,591 16 2,373 4326
Taysan 1.587 2,804 51 G849 53 1177 6,677
Lobo 307 109 2,062 3332 5,810
Alitagtag AGT oz 321 1,118 2108
Subtotal 5,850 3,707 1,957 T4B | 22434 2,770 12,238 2,495 5,334 67531
C. Island

Municipality

Tinglay 234 - T - 1,075 1,381
TOTAL AREA{ 10,407 12,836 2,204 971 33,631 2,982 12,684 2,485 4,860 83,216

Table 4. Distribution of Area {(ha) by Agricultural Land Use, Batangas Bay Region, 1996,

Crops

Municipality/City Rico Corn Mango Vegotable

Irrigatod Rainfed Upland
A. Coastal
Batangas City 122 14 1,500 1,150 31,208 2,018
Bauan GG - L7E a0 250 405
San Pascual 33 S20 a0 400 160
Mg bini - - 34 42 160 24
Sublotal 251 14 2420 1,492 4,014 2,628
B. Interior
Cuanca - . 220 a0 22 18
lbaan 450 75 187 72 210 46
Padre Garcia 219 223 364 312 65 70
Fosaria 1,176 4815 4,149 B2 TAD 45
San Jose - . 1073 290 166 250
Taysan 125 1.248 G54 - £00 45
Loba 198 - 5 &0 137 29
Alitaglag - . 148 65 77 18
Subtotal 2168 6,058 7,101 1,061 1.917 540
C. Island Municipality
Tingloy . - - - AQ 510
Total 2418 B,073 9531 2,353 5,885 1658




Table 5. Total Land and Cultivated Area (km?) in Xiamen, 1996.
Area Tatal Cultivated
Land Area Area
Western Bay Catchment Area
Western area of Xiamen |sland 47.25 .00
Hinglin and Haicang Area 184 80 82.23
TOTAL 232186 B2 23
Tang'an Bay Catchment Area
Marthern Area of Xiamen |sland 23.M BBE
Jimei Area 168 79 5602
Tonggan Caunty 9G61.42 211.84
TOTAL 117322 273.52
Two Basins Total 1,405 37 385.75
Whale Xiamen 1,516.12 427.23

Table 7. Application of Pesticides, Batangas Bay

Table 6. Percentage Distribution Region.
of Main Cultivated Crops Crop Application Pesticide Kga.i.
in Xiamen. per ha
Crops Western Bay| Tong'an Bay Rice Jure - July butachlor 0.600
Catchment | Catchment i1s1 cropping) | cyhalofop-butyl 0.084
Area Area Dec - Jan 2.4-0 isobutyl ester | 0.312
Rice 25 8 279 12nd cropping) | fenclorim 0.126
Feanuts 13.8 1.5 niclogsamide 0.300
Vegetables 232 204 August chlorpyrifos 0125
Fruits 20.0 34.2 chlorpirifas 0.088
+ tenobucarb 0.044
chiorpyrifos 0.090
-~ : o + oypermethnn Q.00
products. Fafde & shows the pesticides used cypermethrin 0.012
in Xiamen. PHehlarvox has g very high lambdacyhalothrin 0.003
conswmyption rale Deing applied wp to 3 1mes fipronil 0.018
per year al a rate of 2.4 kg/ha. All these Mango Nav - Jan mancozeb 0.720
dara were obtamed from the supply company Fab - March | chiorpyritos 0.075
far agriculiural manufacture malerial in {15t croppingy| + cypermethrin 0.0075
Xiamen Cily, diazinan 0.288
. carbaryl 3.408
deltamethrin 0.006
lambdacyhalethrin 0.003
PESTICIDES AVATLADLE FROM frildadloprid 0.030
Dhsrrisurons anND DEALERS
Carn Mov - Jan carbafuran 0.023
S REATHTE R Rk AR (2nd cropping} | deltamethnn 0.006
R m s R A eallits lambdacyhalothrin | 0.003
comntercially in Batanzas, Some of the pro-
ducts are sold in limited guantitics, while |Vegetable]  Aug-May Denomy! d.120
athers ave in tonnes per veat, Genetic evia- (1st cropping) | mangozeb B 1k
; b inazophos 0.144
luation was performed on every chemical chlarpyrifos 0196
while more detailed assessments were made profenofas 0.300
only of the few chemicals with the highest methamidophos 0.36G0
conswmption rates. namely butachlor, deltamethrin C.006
chlarpyrifos, carbarvl and cypermethrin, fipranil 0018

il - active ingredient
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The insecticides vepresent different chemical
araups (organaphosphates, carbamates, pyreth-

roids) and the type of larget organism to be
contrelled (insects, mites),

‘Table 8, Pesticide Consumption in Xiamen.
Pesticides Quantity | %ad. | Quantity | Application | Application
{t'year) a.l. {tiyear) {(kaiha} a.i. kgiha)
Fungicides 50
carbendazim 15 a0 ¥l 1.5 Q.75
copper sulfate 10 o5 9.6 0751125 0.72-1.08
thinophanate-methyl 15 e 10.5 1.5 1.05
athers 10
Herbicides 100
hutachlor 20 Gl 12.0 1.5-1.85 ng-1.11
glyphasate 50 10 5 15.0 1.5
glyphasale 10 41 4.1 22660 0.9-2.4
others 20
Insectlicides 1,000
Organochiorines
dicofol 20 20 4 1.5 0.3
Organaphosphates
dichlorvos 225 ada 180 3.0 2.4(8)
dimethoate Bh 40 34.0 1.5-3.0 0.8-1.2
methamidophos 105 50 525 1.5 .75
ametheate 40 40 16 1.5-3.0 0612
parathion-rmethyl 40 1.5 06 |22.5-37.5 0.34-0.58
trichlorfon 10 g0 g 34 2.7
Carbamates
carbofuran 215 3 ] 30-48 0.9-1,35
isoprecarh 20 51 1.2 7.5-150 0.45-0.50
others 240

a.l. = active ingrediend

Fungicide = pesticide used 1o kill or conteol fung which cause plant discase (AN, 19871

Herbieide = a substance or mixture of substances imtended 1o canfral unwamed plants,
including algac or aquatic weeds (ADB, TOE7),

Inzecticide = any substance or mixture of subslances intended for prevenling, killing,
repelling or controlling an wsect pest (ADB, 19587},

o
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Table 9. List of Pesticides Available from Batangas

Distributors and Dealers.
Pesticides Quantity Sold Kg ai.
per year
Fungicides
tenomy! 1,260 kg 530
mancozeh 2,400 kg 1,920
Herbicides
butachlor 4 2601 2,256
cyhalolop-buty! 502 | 602
2.4-D isobutyl ester 1,260 1| 504
fenclarim &0 | 180
glyphosate 20 -
Insecticides
Organophosphalas
chlarpyrifos 7101 186
chlorpynfos 7,500 1 1,862.5
+ cypermethrin 166.25
chlorpyrifos 2400 | 504
+ fenabucarb 252
diazinon §.020 1 2,408
malathian 2201 -
methamidophos 1,200 | 720
phenthoate 50 -
+ fenobucarb .
profencfos 3,000 1,500
triazophos 1,2001 480
Carbamates
carbaryl 6,030 kg 51265
carbafuran 16,700 kg 501
fenocbucarb 501 -
metharmyl 40| -
Pyrethroids
cyfluthrin 109 | -
cypermethrin 25001 123
deltamethrin 4,330 | 108.25
esfenvalerate 40| -
fenvalarate 201 -
lambdacyhalathrin 24401 61
Ottrars
fipronil 240 | 12
imidacloprid 3016 | 3016
Molluscicide
niclogamide 3,660 | 15

a.0,= aclive ingredient

Lid



Pesticide Properties and
Toxicological Characteristics

T oxICOLOGICAL AND ECOTOXICOLOGICAL
CHARACTERISTICS

Lists of chemicals used in the two areas
were compiled. Footoxicolosical profiles of these
substances and synapses of their physico-
chemical properties including persistence levels
were gathered from Howard (1991a, 1921b)
and Tomlint {1994}, fables 10 and F7F reveal
the ccotoxicological characteristics of pesticides
in Batangas Bay and the Xiamen Seas,
respectively, Chemicals were characterized as
being i lethal concentration (LC) for 50% of
the fish, and effective (immobilization)
concentration {EC) for 50% of the freshwater
brachiopod faphiniz. Dala on mammalian
toxicology such as admissible daily intake (ADD
it mg kg body welght, lethal dose (LD for 50%
of rats in mgdke for acute oral toxicity and no
observable effect Tevel (NOEL) in mg/kg achve
mgredient i the diet on long-ferm tests, have
been referred to in order to furtish a wider set
of infarmation to the reader and, if necessary, to
be utilized for further evaluation,

Prsico-cHEMICAL PROPERTIES

Tables 12 and 13 present the basic
physico-chemical properties of the different
pesticides tound in the Batangas Bay Region and
the Xiamen Seas. These give a basic understanding,
of their distribution i the various environmental
compartments such as air, soil, water and biota,
These properties nclude the moleculur weizht,
the water solubility, the vapor pressure and the
log K (the logarithm of the octanol/water
partition coefficient).

Tables 74 and {5 indicale other
properties of environmental interest, namely log
K, persistence and groundwaler ubiquity score
{GUIS) index {(Gustafson, 1989) of pesticides in
the Batangas Bay Reglon and NMinmen Seas where
log K_, which is derived from Kd (soil

12

absorption—the larger the Kd, the greater the
binding capacity), 15 the ratio of sorbed lo salution
pesticides in waler-soil slurry, It is a measure of
the relative affinities of the pesticide for water
and soil surface. Log K is adjusting Kd for
proportion of organic carbon in the soil
{Karickhoff ot al,, 1979 ).

Persistence is defined as the degradation
half-life in various media and GUS is 2
leachability index {e.z., potential for leaching
and/or runoff, see following paragraphs). With
the avallable data, & stepwise process for risk
assessment could commence with a scoring
system being the simplest appreach,

RankinG For PESTICIDE ScorinGg RISk
AcCorRDING To INTRINSIC PROPERTIES:
ToxiciTy, PERSISTENCE, BIoACCUMULATION
AND LEACHABILITY

A scaring system 15 basically used 10 give
mdices of risk among a group of subsiances
ranging from very low to very high. In such a
svstem A subject is asked 1o assess a degree of
any unwanted envirenmental property. Each
property 15 scored from 1 (good) to 3 (bad), The
individual scores are then combined by
multiplication to give indices of risk which take
into aecount every unwanted property, Intrinsic
unwanled properties of pesticides include loxicity
that could proveke {ish kills or damage to aguatic
life, persistence that increases the risk of effects
and the potential for mobilily over time,
bioaccumulation that could cause increasing
concentrations in fish and leachability which s
an index of the ability of the molecule to reach
the aquatic envirantuent,

Each of these properties can be
characterized by o single parameter and
quantified inta acute loxicity to fish, half-hife for
persistence, K for potential of bioaccumulation
(melabolism should also be taken into account),



Pesncine PROPERTIES AND T OMICCLOGIAL CHARAGTERIETICE

. Table 10: Ecotoxicol
Pesticides LC, (mgiL) EC ADI LD, NOEL
Fish {mgfl) {mgrkg bw) {mglkg) {mafkg}
Daphnia fa.lJdiet)
Fungicides
benamyl 017 0 &40 002 =10,000 S00
mancozet 2.2 - 0.03 = 5000 -
Herbicldes
kutachlor 014 2.4 - 2,000 -
cyhalofop-hutyl 1.54 =100 - = 5,000 =
2.4 - D isobutyl ester 11 235 0.3 S 1.0
fenclanim 0.6 2.2 - = 5,000 10.4
glyphosate a6 Tan 0.3 &.600 300
paraquat 25 - 0,004 157 24
Insecticides
Organophosphales
azinphos-ethyl 0.03 0.0002 0.00025 12.0 01
chlorpyrifos 0.043 0.0017 0.1 135 0.01
diazinon 28 1.4 0ooz2 300 0.02
malathion 0.1 - ooz 7756 100
methamidophos 250 Q27 0.004 20 2.4
parathion-methyl 2.7 00073 0.02 ) 0.3
phenthoate 012 - 0.003 300 10
profencfos 0.8 Highly taxic 0.01 358 0.08
triazophos 0.01 0.003 0.0002 57 0.3
Carbamates
carbaryl 1.3 0.008 0.01 500 200
carbofuran 0.0073 0015 0.01 a.0 20
fenabucarh/BPMC 15 0.32 - 425 4.1
rriethonyl L= 0Qzav 003 17 100
Pyrethroids
cyfluthrin 0.0005 0.00085 n.oz2 20 50
cypermethrin 0.00055 0.00015 0.05 250 &40
deltamethrin 000091 0.0035 0.01 135 1.0
esfenvalerate 000069 00024 - 75 -
ferwvalerate 0.0036 - 0.0z 451 250
lambdacyhalothrin 0.00021 000036 - 18 0.5
thers
fipranil 034 019 - 100 -
imidacioprid 211 &5 Q.aa7 150 100
‘Molluscicide
niclosamide LI 0.2 3.0 5,000 200

a.1.= active mgredien

and GUS for potential leachability, While the
relevance of the first two properties (foxicity and
persistence) 1s quite easv to understand, the
olhers need some explanation., There is 4 good
correlation between the bioconcentration factor
(BCF i fish and K. {Chiou, 1935}, Int 4 general
form, the equation is:

BCF = (a log K +h) (Im)
index for metabolic

where (Im) is the

transformation, with a value between O and 1,

When a chemical is not metabolized, the
L is 15 howaever, 1f 1t 1s casily transformed and
excreted, Im is 0. Values of log K higher than 3
are considered to be a risk in relation to
breaccumulation,

The GUS index was claborated by

Gustafson (1939) to assess the capability of
pesticides 1o confaminate underground sources

7
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Pesticides LC,, ECm ADI LEJW NOEL
{magfl} {mgl} {maorka bw) (mgfkg) {maikg)
Fish Daphnia {a.l./diet)
Fungicides
carbendazim 0.61 0.13-0.22 0.01 =15,000 300
chlorathalaml 0.044 0.a70 0.03 =10,000 1.6
copper sulfate
mancozeb 232 - no3 =5 000 -
metalaxyl =100 =100 0.03 B33 2.5
thicphanate-methyl 7Aa 20.2 0.08 7.000 160
thiram 013 021 0.01 1,800 25
zineb P - 0.03 =5 200 =5,200
Herbicides
butachlar 014 2.4 - 2.000 -
dimethachiar 349 14.2 - 1,600 00
glyphozate 85 780 0.3 5,600 300
retsulfuron »150 *150 0.25 =5,000 50
propyzamide =47 =56 0.08 6,085 200
Insecticides
Organachiarine
dicafol 0183 014 0.002 £95 5
Orpanophosphates
dichlorvas 0.450 00015 004 &0 10
dimethoate 5] 4.7 0.01 ana 1
methamidaphos 25.0 0.27 0004 20 20
omethoate 9.1 0.022 0.00032 25 4
parathion-methyl 27 000732 0.a2 & 2
triazafos 0.0 0.003 0.Q002 b7 0.3
trichlarfon 0&2 0,000495 0.0 250 100
Carbamates
carbofuran 1.7 0.015 0.0 B0 200
isoprocark 10-20 0.03 - 450 200
Fyrethroids
bifenthrin 000015 0.00016 0.02 55 1.5
esfenvalerate 0.00069 0.00024 - 75-458 =
fenpropathrin 0.00195 - 0.03 70 -

a.l.= active mgredient

of drinking water and is based on the following
empirical equation:

GUS = log (t/2 soil) (4-log K )

where t/2 is the half-life in soil expressed in
days; and K 15 the soil sorption coefficient.

Chemicals are classificd as improbable
leachers when the GUS value is lower than 1.8,
prabable leachers when the value is higher than
2.8 and transition leachers when the value lics
in between. The GUS index for molecules such
a5 glvphosate or 2,4 D, however, could be

HE

misleading, due to their dissociation constants,
and therefore different mechanism for soil/
molecule relationships,

A score table (Fable fe} was prepared
for the ranking of intrinsic properties of interest
to water contamination (toxicity, persistence,
bioaccumulation, Jeachability),

The results of this exercise i the Batangas
Bay Region and the Xiamen Seas are shown in

Tables I7 and 18, respectively,

If the metabolism of pyrethroids is rapid,



FESTICIDE PROFERTIES ANG TOMIDOLGGICAL CHARACTERIS TICE

Table 12. Physico-chemical Properties of Pesticides, Batangas Bay Region.
Pesticides Molecular Weight Solubility Wapor Pressure log K,
{g/maol) imgil = g/m?) {Pa)
Fungicides
benamyl 2903 4 0.000004%9 (2.0
mancazeh =>330.68 G.0 MEGLIGIBLE &
Herbicides
butachlar JN.e 20 0.0008 (25}
cyhalofop-butyl 3574 a7 00012 an
2.4-0 iscbutyl ester 22110 an .01 2.58
fenclorim 2251 25 .02 417
glyphesale 1681 12,000 MEGLIGIBLE .
paraquat 186.3 700,000 0.0001 #
Insecticides
Organophosphates
azinphas-ethyl 345 4 4 000032 3.18
chlarpyrifos 3506 1.4 0.0027 47
diazinon 3043 (=l] Q.02 0 e
malathion 330.3 145 0.0053 275
methamidophos 141.1 0.005 0.0023 -0.8
parathion-methyl 2832 55 0,000z a0
phenthoate 320.4 11 0.0053 3.68
profencfos 3736 280 0.000124 4.44
triazophos 3133 30 0.0003% 2.34
Carhamates
carbaryl 201.2 120 0.000041 1.55
carbaofuran 2213 320 0.000072 1.52
fenobucarb/BRMC 207.3 420 0.0016 279
methomyl 162.2 57.900 0 00GES 1.24
Fyrathrofds
cyfluthrin 434 3 00025 Q.00oR0001 504
cypermethrin 416 3 0.004 0.00000023 6.5
deltamethrin 505.2 0,0001 0.0000001 4.6
esfenvalerate 41949 Qo002 0.oonooon2 5.22
fernvalerate 419.5 0.005 0.0000152 5.01
lambdacyhalothrin 449.9 0.005 0 0000002 700
Otfiers
fipronil 437 2 20 0.00000037 4.0
imidacloprid 2557 510 0.0000002 0.57
Molluscicide
niclosamide 3271 1.6 =0,001 1.0
Pa= Pascal

bicaccumulation does net cccur. Therefore it was
decided 1o scorve them (1), This could also be true
for several organophosphate substances,
Carbendazim, thiophanate-methyl, butachlor,
dicofol and carbofuran have the highest score
in Xigmen ard will be considered for {urther
evaluation,

In general, fungicides utilized in Batangas
are of little relevance for unwanted cffects in
aquatic environments. Among the herbicides,
butachlor and fenclorim warrant attention and

may require 4 more vefined risk assessment, while
glyphasate and paraquat, unless used dirvectly in
waler, should not cause major problems, due to
their affinity for soil. They do not enter in the
score system because of their dissociation
constants and, for glyvphosate, low persistence.
For insecticides, organophasphate and carbamate
scores range from 2 for malathion and
fenaobucarb to 27 for chlorpyrifos and
carbofuran. In general, one should Ly 1o prepare
a more refined risk assessment for substances
with a score value of 12 or higher. In any casc,

1w
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Table 13. Physico-chemical Properties of Pesticides, Xiamen Seas.

Pesticides Molecular Weight Solubility Vapor Pressure Log K | Melting
{g/mal} {mgil=g/m?) {Pa) Point
Fungicides
carbendazim 191.2 a8 000009 1.5 304
chlorathalonil 2655 .9 0.000075 285 250
copper sulfate
mancozeb =330.68 5.0 MEGLIGIBLE - -
metalaxyl 2793 8400 0.00075 1.78 72
thiophanate-methyl 3424 100 0.0000095 1.50 172
thiram 2404 18.0 0023 1.73 195
zineb 275.8 104 <0 .01 1 -
Herhicides
butachlor ane 20 {0006 25 =5
dimethachlor 2857 2,100 0.0021 2.2 47
glyphosate 1691 12,000 NEGLIGIBLE 5 -
metsulfuran 3814 274000 0.00000000033 |-1.74 156
propyzamide 2561 15 0.000058 31 155
Insecticides
Crgancchlonnes
dicafol 705 0E 000053 4 28 78
Organophosphiates
dichlorvas 221.0 £,000 2.1 1.9 20
dimethaate 229.2 23800 0.0011 ov A%
methamidophas 1411 2.003,000 0.0047 0.8 45
omethoate 213.2 10,000 0.0033 -0.758 -
parathion-methyl 263.2 &5 0.0002 3.0 35
triazofos 3133 30 0.00039 3.54 3
trichlorfon 257 .4 120,000 QL0021 0.43 785
Carbamales
carbofuran 221.3 320 0.000072 1.52 153
isoprocarb 15932 265 Q0028 035 94
Pyrethroids
hifenthrin 422 9 a1 0.000024 = 5B
esfenvalerate 418.9 0.002 00000002 G.22 =0
fenpropathrin 349.3 0.0141 0.00073 (5] 47

it 15 relevant to investizgate the quantitative wse
of an individual pesticide in the area.

A particular case 15 of pyrethroids which
at a first glance show a hizh score, e.g., 27.
Howrever, it has been implied that they are easily
metabolized and excreted by a varefy of aquatic
animals, from mussels (o fish, therefore the
biogccumulation parameter (very high due 1o
high log K_ ) should be modified in relation to

&

their casy degradation by antmal metabalism
{Leahey, 1935),

A sirailar procedure could have been used
lo scare risk to human health, The most un-
desirable consequences of the use of pesticides
are mammalian foxicity, contamination of treated
creps and drinking  water, presence in air
andSor volatilization towards other compart-
mients, and bioaccumulation in non-target edible
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Uhiquit:-,r Score {GUE} Eatangaﬁ Bay Reg[un. Cabiie

Pesticides logK_ | Persistence | Persistence GuUs Persistence GUs
Soil 42 Water Value SoilClass | Leachability
{days) Hydrolysis Index
{days)
Fungicides
benamyl 1.78 2 | decomposed 0.68 days | improbable
mancozeb - 6-15 17 - days -
Herbicides
butachlor 2.29 42.70 - 2.9%9 months | probable
cyhalafop-hutyl 31 <10 slowly 0.9 days | mprobable
2 4-0 isabuty| ester 2.37 <7 - 1.38 days | improbable
fenclarim 3.96 17-35 - 0.06 weeks | improbable
glyphosate - 3-80 - - weeks -
paraguat - - - - - -
Inseclicides
Crganophosphates
azinphos-ethyl 2.97 28 270 1.49 weeks | improbable
chlarpyrifos 4.449 BO-120 1-100 -0.55 months | improbable
diazinan 309 11-21 185 1.10 weeks | improbable
malatiuon 2.54 7 - 1.23 days | improbable
methamidophos 1.01 7 B 4,23 days | probable
parathion-methyl 279 rapid (5) a0 .85 days [ improbable
phenthoate 3.48 10 - 0.52 weeks | improbable
profenofos 4.23 Z 14 -1.19 days | improbable
tnazophos 313 (7 - 0.73 weeks | improbahble
Carbamates
carbanyl 1,38 7-28 12 326 weeks | probable
carbofuran 1.31 30-60 121 448 months | probable
fenchucark 2.58 B-30 20 1.78 weeks | improbable
methonyl 102 rapid (5) | decomposed 207 days | transition
Pyrethroms
cyfiuthrin 573 rapid (&) 20 -1.21 days | improbable
cypermethrin 633 =1 5 -4 67 manths | improbable
deltamethrin 4 35 <21 -0.52 weeks | improbable
esfanvalzrate 5.01 a0 - -3.93 months | improbable
fenvalerale 40 an a -1.56 manths | improbable
lambdacyhalothrin B.79 a0 - -5.45 months | improbable
Others
fipronil 5.8 - - - -
imidacloprid 0,34 - - - = -
Molluscicide
niclosamide 075 - i - weeks -

organisms. Al first glance, none af fhese
chemicals demonstrate a very high score,
Howewer, it has (o be realized that this score
system 15 anly the [rst step of a risk assessment.
A more appropriale evaluation of enviranmental
distribution and fate and ultimately of potential
exposure should be done using evaluative models.
These have been developed in the succeeding
chapters.

ErvinonsMENTAL DNSTRIBUTION
AND PERSISTENCE ACCORDING
T Fucacity MopeLs

A natural chemical (xenobiotic) hasa cycle
within environmental compartments, ie., air,
water, soil/sediment and biola (Fgure 5. This
pocurs after its use prescape from an agricultural
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Pesticides Log KM F'ﬂ mistun ce I‘-‘ﬂrsisten ce GUs Persistence GUs
Soil /2 Water Value Soil Leachability
{days) Hydrolysis Class Index
(days)
Fungicides
carpendazim 1.29 B-32 - A5 weeks probable
chlarcthalanil 2.E68 5-36 - 1.74 weeks imprabable
copper sulfate
mancozeh - 6-15 1 - days -
metalaxyl 1.54 T0-90 - a7 manths prabable
thigphanate-methyll 1,22 21-28 - 3B WEEKS prabable
thiram 1.51 2 18 0.7 days imprebable
zineb ™ (6] - - days -
Herbicides
butachlor 2.29 42-70 - 2.99 months probable
dimethachlor 1.99 14-G0 - i | weeks probable
glyphosate - 3-60 - - weeks -
metsulfuron -1.95 ¥-38 - 7.B waeks improbalile
propyzamide 2.89 20 - 1.8 weeks improbable
Insecticides
Organochionnes
dicafal 4.08 E0-80 654-99 -0.114 manths improbable
Organophophates
dichiorvos 1.69 Tz 3 1.85 days transition
dimethoate 1.99 14-60 - 3 weeks probabile
methamidophos -1.01 7 5 4.23 days probable
omethoate -0.95 7 17 419 days probable
parathion-methyl 279 7 40 1.02 days improbable
triazophos 313 7 - 073 days improbable
trichlarfon 0.z2 7 2 3.19 days praobahle
Carbamsalas
carbafuran 1.31 20-60 121 4.44 manths probable
isoprocark 0.15 2-20 - 415 days prohable
Pyrethroids
bifenthnn 579 55-90 - -3.39 menths improhable
esfenvalerate 6.01 TO-120 - -3.83 menths improbable
fenpropathrin 579 7 - -1.5 days improbable

Table 16. Preliminary Risk Assessment for Pesticides.

Ranking of Intringic Properties

Toxicity ta Fish Persistence
LC,, = 10 mg/l 1 Limited [days) 1
LC,, 0.1-10 magyl 2 Medium (weeks] 2
LC,. = 0.1 mai 3 High (manths) 3
Bigaccumulation (log K_) Leachability (GUS index)
Limited potential (=3.0) =1 Improbable leacher [=1.8} et
Medium potential (3.0-3.5) =2 Transition leacher {1.8-2.8) =2
High potential (=3.5) =3 Frobable leacher {=28) =3

i
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or an industrizl process and is
subjected o environmental
partilioning. Substances will
move {ram their point at entry
ta their final destination, i.e., the
environmental compartment for
which they have maore affinity.
Jurthermore, chemicals may be
lransferred again to other com-
partments. Substances can un-
dergo chemical transforma-
ticns in every environmertal
campartment. The relevanl deg -
radation processes are shown m
Figure & Tor cxample, if a
substance with very high water
solubility is discharged into the
soil, 11 will remain there until it
comes intg contact with water,
Thus, it will become & walter
comtaminant. On the other
hand, il a chemical with a high
atfinity for soil 1s discharged
mto water, it will saon reach
and becone bound 1o soil
sedimente,

Marry volatile chercals
have Lhe ability 1o move by
advectian with air and may
reach remole aveas far from
their place of orizin, In
addition, many chemicals with
a high affinity for living
arganisms cam accumulate in
plants and animals, either
divectly or via food chains,
ventually giving rise o
cotaminated faod. Information
on physice-chemical propertics
of molecules is needed to

predict envirenmental partitioning; in this
connection, the most relevant parameters ave
waler solubility, vapor pressure, oclanol/water

partition coelficlent, ele,

All these parameters including basic
plivsico-chemical characteristics can be tound
in svientific literature or obtained by means of
laboratory measurenments. They can alsa be
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calculated by means of properiy-lo-property
corvelation or alternitively with the fragment
constant methods and by means of topolegical
indices (Lyman et al., 1992 ).

Dissoviated chemicals do nol enler into
the previcusly described system, however, as
a general rule, anmions have a strong affinity
tor water and cations for soil. Mare complete
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Table 17. Ranking Pesticides for Risk Assessment According to Intrinsic Properties,
Batangas Bay Region.
Pesticides Toxicity : : .
o Fish Bigaccumulation | Persistence | Leachability Score
(LC,} flogK_ )
Fungicides
benomyl 2 1 1 2
mancazeh Z 1 - 2
Herbicides
hutachlor 2 1 3 3 18
cyhalofep-butyl 2 2 1 1 4
Z24-0 isobutyl ester 2 1 1 1 2
fencicrim 2 3 2 1 12
glyphosate 1 - 2 - 2
paraguat 2 - - 2
Insecticides
Organophosphatos
azinphos-ethyl 3 2 pH 1 12
chlarpyrifos 3 3 2 1 27
diazinon 2 2 2 1 8
malathion 2 i 1 1 2
methamidephos 1 1 1 3 |
parathion-methyl 2 2 1 1 4
penthoate 2 3 2 1 12
profenofos 3 3 1 1 g
triazophos 3 2 2 1 12
Carbamaltes
carbaryl 2 1 2 3 12
carbofuran 3 1 3 3 a7
fencbucark 1 1 2 1 2
methomyl 2 1 1 2 4
Pyrethroids
cyfluthrin 3 30 1 1 903
cypermathrin 2 i 3 1 27 15
deltamethrin 3 3 2 1 168 (G}
esfenvalerate 3 3N 3 1 27 {9
fenvalerate 3 3 3 1 27 {9)
lamhdacyhalothrin 3 31 3 1 27 {9
Ofers
fipronil 2 3 - - &
imidacloprid 1 1 - - 1
Maolluscicide
niclosamide 2 1 2 - 4

discussions on this subject can be found in
Mackay (1991}, Van Lecuwen and Hermens
(1995 and Calaman (1996), However, looking
at the single praperty of 4 given chietmical s not
sufficient 1o give s complete picture of its chemical
distrilbution iun the environment except for
molecules that are with extreme values, e.g., very
high selubility and fngh volatility. Moreover,
integrating the various propertics provides a

20

means by which more information may be
obtained which can be used to sunwdate more
acenrately what could happen in the real warld.

It order to develop these concepts, models
of comparimental analysis were proposed, The
input to these models are physico-chemical
parameters and partition coefNcients, while the
oulput is the expected percentage distribution in
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‘Table 18. Ranking Pesticides for Risk Assessment According to
Intrinsic Properties, Xiamen Seas,
Pesticides Toxicityin Fish | Bioaccumulation | Persistence | Leachability Score
(LC,) {log K )
Fungicides
carbendazim 2 1 2 3 12
chlarothalanil 2 1 2 1 G
mancazeb
melalaxyl 1 1 3 3 9
thiophanate-methy| 2 1 2 3 12
thiram 2 1 1 1 s
zineb 2 1 1 - 2
Herbicides
butachlor 2 1 3 2 18
dimethachlor 2 1 2 2 12
glyphosale 1 - 2 - -
metsul{uron 1 1 i 2 6
propyzamide 2 2 2 1 ;:
Insecticides
Organactilarines
dicofol 2 3 3 1 18
COrganaphosphales
dichlorvos 3 1 1 i 6
dimethoate 2 1 1 3 L5
methamidophos 1 1 1 3 3
omethoate 2 1 1 3 G
parathion-methyl e 2 1 1 4
riazophos 3 2 1 1 G
tnchlorfon 2 1 1 3 B
Carbamates
carbofuran 2 1 3 3 18
isoprocarh 1 1 1 3 3
FPyrathronds
hifenthrin i TR 3 1 279
esfenvalerate 3 3 3 1 2719
fenpropathrin 3 i 1 1 (3

the main environmental compariments, One of
these maodels s briefly described below, It has a
very solid scientific basis being calculated using
the gas law equation of Mackay and Palerson
(198 1), Tugacity €41 an old physico-chemical
concept rediscussed n new terms and defined as
the tendency, for a chemical substance, 10 escape
from ane phase to anothier. This property can be
caleulated in unils of pressure (Pab.

Subsequently, 11 was proposed thal an
evaluative model of 1 lan- as mdt of wordd be
divided imto six compartments with defined
quantities of material. U also infraduced the
concepl of enviranmentsl capacily for each
compartment {7 = mol m= Fa') from which the

theoretical concenteations (C = mol m™ fa')
could be calculated after an enussion of 4 wiven
amoeunt of chemical compound,

(=l

The equilibrium being attained when the
fugacitics are equal m all compariments

fl :";f:
herefore: C/Z = L'_”.:..":{.I,
and l.’_‘.l.-"{_'.: = ZI,;"ZJ =K,

K s the partition coefficient determining the

2r
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distribution of the substance belween Lwo phascs,

The capacitics of cach compariment (Z)
can be determined, as a function of parfition
cocfficient, It equilibrium, well mixing, ne
reaction and na advection are assumed, the
mass distribution and relative
cancentrations can  be caleulated,  An
improvement of the simple svstem described
above, but basically on the same principle, has
recently been proposed and in part uihized.

relative

stage includes the tendency for infermediate
transport  {e.z., evaporation) and for
bioconcentration, and the persistence of the
substance, which 15 a function of reaction and
advection rate. I should be noted that similar
systems are nowadays utilized both i Europe
and the 115A

A detailed description of the cquilibrium
criterion (EQC) model 15 ziven by Mackay
et oal, (19964, 1996h, 1996¢) where the data

As stated by Mackay et al.
C19%Ga, 19960, 194960), the
facus of late assessment 1s based

Figure 7. Equilibrium Criterion (EQC) Model Level I.

on the understanding of the
following key areas: how
diverse ave the properties of
chiemical control, its distrr-
bBulion among compartments,
low 01 ds transported, and
transtormed and s general
persistence, Qnly the parent
carmpenand 1% treated. No otber
telabolites or degradution
praduct will require separate
evaluation.

Levell

O,

The seenario adopled is af
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whiclh is the cemmon fempe-
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requirements, the units of world and the equation
used to caleulate partitioning, transport and
transformation are veferrved to. Basically, Level |
has & situation in which a fixed guantity of
clhiemicals 15 introduced in a closed system under
steady-state and equilibrium conditions, The
madel calculates thelr partitioning amaong

caleulation but the chemical is continuously
discharzed at a constant rate and achieves a
steady-state and equilibrivm condition where
inpul and output rates are equal. Degradation
rates in the compartments are caloulated from
half-life and advection by caleulating the output
rates through a fxed advection flow of an and

compartments. Level 11 is similar to Level 1 waler in the wnil of world.
Table 19. Environmental Partitioning (in percentage) According to Equilibrium
Criterion (EQC) Scenario Level |, Batangas Bay Region.
Pesticides Alr Water Soil Sedimants Fish
Fungicides
benamyl 0.00558 51.7 8120 0180 0000458
mancozeb
Herbicides
butachlor 0.144 s 21.7 0483 0.00123
cyhalofop-tiutyl 415686 336 G0.8 1.351 0.00343
2.4-D isobutyl ester 0117 4.3 250 0555 0.00141
fenclarum 1.491 G 641 896G 1.9491 0.00505
glyphosate
paraguat
Insecticides
Organophasphates
azinphos-ethyl 0,235 421 5G.4 1.253 0.00318
chlarpyrifos 0.293 Z.149 554 2.119 0.00538
diazinon 0.435 355 62.7 1.393 0.00354
malathion 0.161 £6.1 32.9 0.732 0.00188
methamidophos 00000327 | 100.0 0.014 0.000312 0.000000792
parathion-methyl 001 52.5 46,5 1.032 000262
phenthoate 0569 18 3 723 1.783 000448
profenafos 000129 3.853 Q4.0 2.089 000531
friazophos 0.0z8 335 G55.0 1.443 0.00357
Carbamalaes
carbary! 0.00134 96,6 3.328 0.074 0.000158
carbofuran 0.000975 a7 .1 2847 0063 0.000161
fenohucarb 0.a1 64,2 asn 0,778 000198
rmethamyl 0.00037 9E.4 1.515 0.034 0.0000855
Pyrethroids
cyfluthrin 0.0000444 0127 are 2.7 0.00551
cypermethrin 0.000124 0.028 (977 2.172 0.00552
dellamethrin 0.274 2.680 94.9 2.108 0.00536
esfenvalerate 0.000563 0.066 gv.7 2171 0.005852
fenvalerate 0.346 1.063 064 2142 0.00544
lambdacyhalothrin 0.0000401 Q.01 97.7 2172 0.00552
Others
fipranil D.oooia2 8941 aa.0 1.8956 0.00457
imidacloprid 0.00000202| 99.7 0.328 Q.00725 0.0000185
Molluscicide
miclosamide 3.54 85 6 0.847 0.019 00000478

F i
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Table 20. Environmental Partitioning (in percentage) I»ﬂu:cn:nra::hrjg''i.}:':-''Eltp.lllit:frilurn
Griterion (EQC) Scenario Level |, Xiamen Seas. :
Pesticides Air Water Sail Sediments Fish
Fungicides
carbendazim 0.042 av.2 2721 0.06 0.0001 54
chlarathalarul 0.265 5B B 40.3 0,885 000227
mancozeb - - - - -
metalaxyl 0000475 95,2 4. 739 0105 0.00027
thiophanate-methyl 0000638 a97.2 2.722 0.06 0.000154
thiram 9.579 90,0 4 282 952 0.00024
zineh - - - - -
Herbicides
butachlor 0.146 776 217 0.453 0.00123
dimethachlar 0.00451 E7.4 12.3 0,273 000069
glyphosate . - = - -
metsulfuron 00000000005 992 01 0.00247 0.00629
propyzamide 0.00933 467 521 1167 0.00284
Insecticides
Organecchiorines
dicafol Q27 5461 | 92.2 2.048 0.0052
Orpanaphosphates
dichlorvos 1.08 923 5.491 0.144 0.000367
dimethoata 0.000214 ag.5 0442 0.00982 0.000025
methamidophos 0 0000G7 999 0.111 0.00247 0.000006
omethoate 0.00142 895 0.cas 000197 0. 00000s
parathion-methyl 001 52.5 45,5 1.032 0.00262
tniazophos 1.028 a8 65.0 1443 0.003a7
trichlarfon 0.00009 9.5 0238 0 005286 0.0000134
Carbarnataes
carbofuran Q.000975 a7 .1 2.847 D063 0000186
isoprocarh 0.041 99.8 0.202 0.0405 0.0000114
Pyrethroids
bifenthrin D.00z28 0110 | 975 217 D.005S
esfenvalerate 0.00056 ooss | 977 2171 00055
fenpropathnn 0401 0110 | 973 2161 0.00585

The BQC Models Level T and Level 11 were
utilized. A synopsis of the envirenmental par-
Huoning in percentage amaong various compart-
mients for the pesticides applied on agricultural
ficlds i Batangas and Xiamen and the residence
time in the nmt of world are presented in Fabfes
Fand 20, respectively. In FHgure 7, the cutput
of the model is shown as an example with a
defaull chemical. The water compartment holds
ntore than 75.8% of the chemical, while 21.2%
15 in the soil and 2.5% in the air This last figure
s worth notivgg as it could indicate a cerlan
mobility through the atmosphere, Contents in
the other compartments arc significantly smaller.

4

Tabley 21 and 22 presenl persistence
time in days according 10 EQC Scenario Level [
for the Batangas Bay Region and Xiamen Seas.
The Level [ diagram (#rzure & shows the same
distribution. Additional information is provided
v the grey arrows that indicate degradation and
advection in the various compartments, for
example, degradation in waler, 76%; advecton
in air, 2%, etc. This figure conlains a sinall table
under the heading of persistence, where the total
15 the overall residence time in the compariments.
Global persistence is best indicated by reactions
atid the tendency to mebility by the advection
time. Bearing this information in mind, onc can



ook at the synopsis of the results of the EQC
madelling calculation.

Herbicides and Tungicides, with the
exception of fenchlorim and cyhalofop-butvl,

ta very high (for methamidophos). Carbamales
have affinily for wuter while pyrethroids
parfition mainly for soil. Some chemicals are
volatile; far example, 0.2-0.4% of dichlorvos,
fenpropathrin and dicofol indicates valatility,

have u preference for water; organophosphates
have a variety of behavior, from very low
affinity for water {as in the case of chlorpyrifos)

Information on the persistence of some
pesticides such as overall residence lime, reaction
time and advection time is given in Fables 27

Tabie 21, Persistence Time i days) According to and 4’2 Il‘j.rr:_-thmic.is d_ernmdui.tmtu a very scarce
Equilibrium Criterion (EQC) Scenario mn_‘tnl:t}, .!IH}chb of persistence and high
Level Il, Batangas Bay Region, r*.cs.Lden-:r time, 11.1 zeneral, carbamates are 5hgﬁ
living and relatively mobile molecules, while
Pesticides Overall | Reaction | Advection orzanophasphates have very diverse behaviar,
Fungicides Ine should look at these tables in arder to obtain
benomyl G5 65 45 more detatled imformation relevant (o the
mancozet £Xposure assessment,
Herbicides
butachlor 45 383 51
cyhalofop-tutyl 15 21 55 Table 22, Persistence Time (in days) According
2.4-D isobuty) ester 21 a4 55 to Equilibrium Criterion {(EQC)
fenclonm 34 41 191 Scenario Level |, Xiamen Seas.
glyphosate Pesticides Overall | Reaction | Advection
paragual Fungicides
Insecticides carbendazim 41 1,037 43
Organapiiosphates chlorothalonil 35 72 68
azinphos-ethyl 38 65 a4 methalaxyl 43 2383 4d
chlorpyrifos 11 128 A2 thiophanate-methyl| 41 1,270 43
diazinan 26 34 104 thiram 12 a0 2g
malathion 20 a0 51 Herbicides
methamidophos E 7 42 butachlor A 164 53
parathion-methy) 11 13 79 dimethaclor 43 426 48
phenthoate 16 18 173 metsulfuran 4z 33,500 42
profenofos 10 10 1.066 propyzamide 43 a1 ga
triazaphos 14 14 123 Insecticides
Carbamates Organochlorines
carbaryl 12 18 4 dicofol 89 107 508
carbofuran 34 166 e Crganophosphates
fenobucarb 19 28 65 dichlorvos 4 5 40
methomyl 1 1 42 dimethoate 42 11,833 42
Fyrethroids methamidophos & 7 42
cyfluthrin 7 7| 24458 omethoate 15 25 a2
cypermethrin 128 129 57,500 parathion-mathyl 15 18 7
deltamethrin 29 30 7768 triazophos 14 13 123
esfenvalerate 130 120 36,083 trichlarfon ) 3 472
fenvalerate 115 132 912 Corbamates
lambdacyhalathrin 130 130 75,833 carbafuran 34 186 43
Others isoprocarb 41 8,042 42
fipranil Pyrethroids
imidacloprid bifenthrin 112 112 23,625
Molluscicide esfenvalerate 137 137 | 25,583
niclosamide 8 I 31 fenprapathrin 10 10 1,002

w



Risk Assessment in Relation
to Pesticide Loads

As it wonld be a very difficult task 1o
take delailed simulations for every pesticide used
in the Batangas basin and bearing in mind that
omly a few are applied m relevant guantities, it
was decided to concentrate modelling activities
on anly the most relevant chemicals. It has been
further observed that chemicals belonging to the
same group have the same mode of action and
the total effect is considered ta be toxicologically
ddditive when present in mixtures (Vighi and
Calamart, 1996), Thus, one single chemical could
well represent a chemical greup.

TREATMENTS AND LoaDs or PESTICIDES

In the Batangas Bay Rezion, a telal of
2,236 kefyear of butachlor out of 2,990 ke/
vear total herbicides was used in the arca and
was selected as being representative for the
category, Clilorpyrifos (2,552 ke/vear out of the
otal 7.000 kg/vear of erganophosphates) was
sclected for having a high score in the ranking
system (warst possible case). Carbaryl (5,125

kg Svear ot of the total 6,000 ky/year) and
evpermethrn (ca, 300 kzdyear cut of the 500
ke /year totaly were taken as representative for
carbamates and pyrethroids, respectively, Tabley
23z and 23k summanze agronomical data and
the physico-chemical properties of the pesticides
wiilized for the most refined risk assessment
thodelling of the Batangas Bay using the Seilfug
model (D8 Guardo et al., 1994a, 1994Db),

In Xiamen, among the fungicides applied,
thiophanate-methyl is used most {10 UFvear).
However, for simualation purposes, it was decided
to include carbendazim (7.5 t/vear) because of
its high toxicity to fish and Dapfnia. Copper
sulfate was excluded [rom the evaluation as it (s
nat applied divectly wo water. [t has mited risk
due te metal absorplion into soil, Butachlor wsed
at 12 t/ycur was taken as representative for
herbicides, Glyphosate, despite its hizgh toxicity
to many plants, is a molecule with a short life
and has very low maobility due toits dissociation
{Grossbard and Atkimson, 1983). With this in
mind, 1 was not considered. The acaricide dicafol

Table 23a. Simulated Treatment and L::-'a_'d'_s of Peg_t'_i'cldes ir't'iE':_'c';'_tangas Bay.
Pesticides Kga.i. Type of | Application | Number of | Treated Area | Simulated
per year Crop {kgiha) Treatments {ha} Treatment
{kg'ha)
Organcphosphates 7,000 any 0.15 2 24,000 0.30
Carbamates 6,000 mango .40 2 2,000 0.80
corn
Herbicides 3,000 rice Q.50 i &,000 0.80
Pyrethroids 500 any 0.0 2 24 Q00 002
a.i. = active imgrecient
Table 23b. Properties of Pesticides in Batangas Bay.
FPesticides My Water Vapor Pressure | Bioaccumulation Sail
{g/mol) Solubility (Pa) flog K} Persistence
{mgfl) (K2) {days)
Chlorpyrifos 350 1.4 0027 47 ag
Carbaryl 2 120 00004 1.6 14
Butachlar 312 20 00048 2.5 &5
Cypermethrin 416 0.004 00000023 6.6 =11]
Fa = Pascal

rIé
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Table 23c. Rainfall Data from August to. Table 23d. Cﬁ,ﬁtactarmtms ufi sml
November 1996 (9 Rain Events) ; m;Eai:iﬁgas Bay.
in Batangas Bay. =t faciuft 'uf | .
aracteristics
Rain | Day to | Duration | Amountof | Amount of e
event | rain | (days) Rairfall Runoff Depth (m) 0.€0
{mm in} frmm out) Field capacity 0.50
1 1 4 57 259 Porosity a.7o
2 7 5 12 & Crganic carhan cantent (%) 1.8
3 2 5 17 8 Total basin area {ha) 87.000
4 2 2 18 g
5 T 14 148 100
i} 4 3 13 T
7 19 4 18 9 Tabde 24 for the XKiamen Seas) were made using
a 3 21 208 106G . : .
s data from late Apnl ta December 1996, Tabios
2] [ 12 168 84

has been included in the simulation as the only
representative of organachlorine compounds
due to its similarity 1o DT, {rom which it is
prepared. Dichlorvos has been taken as the most
commoenly used organophosphate (180 1/ vear)
af active ingredient per year and associated with
the very similar methamidophos (52 1/vear)
thereby providing a total organophasphate load
of 250 t/vear. Types of crops, quantities applied
per hectare, number of ireaiments and treated
arcas were derived from Taddes 7and & Treat-
ments are made year-round on vegetables and
fruits. On the other hand, treatment on rich soil
15 from March to October {2 croppires). Rainfall
sitmulations (Fable 23¢ for Balanzas Bay and

24 and Z4h summarize agronemical data on
physico-chemical properties of the pesticides
utilized for the most refined risk assessment
modelling in the Xiamen area with the SailFug
model (D Guardo et al., 1994a, 19940,

As stated in the EQC scries of papers
idMackay et al., 19964, 1996k, 1996c), after a
zeneric evaluation of the chemical of interest at
a certain stage this evaluation should be
complemented with information on the
crvironiental media imto which a substance 13
discharged or used Lo idenlify condilions where
clevated concentrations could cceur. These
situations are highly site-specific and local
tmodels are needed. SoilFug is one such model,
particularly appropriate for the situation undey
evaluation,

Table 24a. Simulated Treatments and Loads of Pesticides in Xiamen.

Pesticides Total Types of Crop | Application | Number of | Treated Area| Simulated
{a.i.fyear) (kgiha) | Treatments {ha) Treatments
Fungicides 18 any 1.0 i 18,000 1
Herbicides 12 rice 1.0 1 12,000 1
Crganachlorines 4 fruit, vegetable 0.3 1 12,000 0.3
Organophosphates| 230 mainly rice 2.4 G 12,000 2.4(83)
Carbamates §.5 any 0.1 2 20,000 0.2
Table 24b. Properties of Selected Pesticides in Xiamen.
Pesticides MW | Water Solubility | Vapor Pressure | Bioaccumulation Soil Persistence
{g/mol) {mgll} (Pa) {logK,} (t/2) (days)
Carbendazim | 191.2 a 0.00009 1.5 3-32
Butachiar 21149 20 0. 0006 2.5 42-70
Dicefol 370.5 0.8 0.00053 4.28 60-80
Dichlarves 221.0 8,000 21 1.9 7
Carbefuran 221.3 320 0.000072 1.52 3080

2r
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Il should be | Table24c. Rainfall Data from Late April to Dec in 1996
nated, however, that in Xiamen, \ RS
exact scenarios for Rain | Dayto Rain | Duration | Amount of Rainfall | Amount of Runoff
simulation can be buill Event (days) {days) {mm inj {mm out)
only for research pur- 1 1 2 TH 375
poses, In fact, the high 2 g 11 a5 17.5
number of variables a 14 7 135 G505
inherent 1o such models 4 19 5 58 8.0
do net allow for precise 5 T 15 453 396 5
scenarios where large- A 12 3 22 10
sc.a.lc areas are studicd. = 3 5 80 400
This nmdrcl..howc\:fuy 8 19 3 o 10
has been vabidated tm_' 9 a4 3 30 150
research purposes (Ii
Guardo et al., 19944,

L99-4b, Barra et al., 1995, Table 24d. Characteristics of Soil

in Xiamen, _

A SnorT EcoToxicolocioal PrROFILE Characteristics Value

OF THE SELECTED PESTICINES Degth (m) 0.3
) ) . . Field capacity 0.3

. }I:co1nxin:ul.:'.-;_=;:tr"11 prafiles of thu_ achive Porosity 05

1715&'_-;.11-::1[.5 uzed in the Bﬂlml;;a_s Bay Region Elﬂf'.‘l Organiic carbén carent (%) 0.02

the Xiamen Seas were synthesized on the basis ;

af physico-chenncal properties, application rate, Tl aoareail o) (Ll

toxicalegy, terrestrial Saquatic /atmaospheric fate,
ervironmental distribubion and GUS.

Profiles  related 1o toxicological

characteristics and environmental properties for
the Batangas Bay Rezion are given below;

28

Butachlor: Like many other herbicides,
butachlor 15 a leacher and can thercfore
castly reach Lhe aguatic environmenl. In
addition, 1t 1s also persistent, Low log K
gives an indication of scarce polential for
bioaccumulation; loxicity to tish is of the level
of mgsl. Metabolites are water seluble and
could this impair drinking water sources.

Chlorpyrifos: This  organophosphale
compound has a high affinaty for soil due to
its elevated K_. It cannot be considered a
leacher; however, a certain amount could
redach the water, It is persistent, with orders
af magnitude of muonths, and could
theoretically be accumulated, 1t is well
lnown, however, that organophasphates are
easily metabolized and excreted. This
chemical is highly toxic to aquatic Tauna and

it can be expected that once introduced into
the enviconment, a lHmited amount of
leaching could have undesirable effects on
auatic faund,

Carbaryl: This carbamate, the most used
in the world, 15 very soluble, therefore if can
b easily found in the aquatic environment.
Despile its moderate persistence in soil {a fow
weeks) and in waler (up to 12 days) it could
be dangevous Lo aquatic organisms,
particularly crustaceans, in case of rapid
runoff cceurrences after the treatments, Mo
Incaccumulation s expected,

Cypermethrin: According to its half-life
and GUS values, cypermethrin (a synthetic
pyrethroid) appears to be persistent (16
weelts In osoil) and 1s a nen-leachable
molecule. It low vapor pressure suggests that
it does nol valatilize significantly, while ils
high lag K value and its Jow solubility
explain ils scant affinity for water in which
it is quickly degraded (5 days), Despile its
hizh Lipatilicity, it is not Bicaccumulative, as
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the molecule 1s rapidly metabolized.,
Cypermethrin exhibits high toxicity to some
non-target organisms, such as fish and
aquatic crustaceans, but is considered to be
enly slightly toxic to birds and mammals.
Aquatic fauna toxicity 15, however, miligated
by the strong affinity for sediments and
suspended solids that make the molecule nat
Ioavailable,

Once the moelecule has entered the
environment, it is reasonable to expect that it
will be almost completely absorbed by soil, in
which il will be dezraded in a few months,

Frofiles related 1o toxicological charac-
teristics and environmental propertics for the
Figmen Seas are summarized belows:

= Butachlor: Like many other herbicides,
butachlor 15 a leacher and can therefore
easily reach the aquatic environment and s
also persistent. Low log K_  gives an
indication of scarce potential for
oaccumulation, taxicity to fish is of the level
of pg/l. Metabolites are water soluble and
could thus impair drinking waler sources,

» Carbendazim: This systemic fungicide 15 a
leacher and 1l can therefore be transported
to the aquatic environment. It has no
bicaccwmulation potential, but its persistence
{order of weeks) and its toxicity 1o agualic
fauna (less than 1 pz/l) could make it
dangerous to the aguatic enviranment,

= (Carbofuran: This insecticide and
nematocide bas high affinity for water and
high mobility; it is toxic to fish and very toxic
to crustaccans (at the level of ug/1.

» Dicofol: This organochlorine acaricide is
paorly mobile, being mainly partitioned into
the soil. 1t has a potential for bicaccumulation,
is persistent (months) and is wxic to aquatic
fauna.

«  Dichlorvos: This organophosphale is very

moebile. Il has a high affinuty for water, and
can be found in the atmosphere, where it
has a certain tendency to enter (1% EQC
madal). It has no hicaccumulation potential
but 15 very toxic to aguatic fauna. It is,
however, a short-lived molecule. Due to its
characteristics, il poses a risk 1o humans
because of its volatility, and to aguatic
animals,

ArrLICATION OF SoiLFus MoDpEL FoRr
EsTivaTiNG PEsTICIDE RUNOFF

There are many pesticide runoff
simulations. However, for the purpose of the
present study, the Soilfug model of DI Guardo et
al. (1994a) was used. SoilFug 15 a model for the
prediction of potential surface water
contamination derived from pesticide use on
agricultural fields. Tt uses the fugacity approach
te a basin scale soil environment and calculates
the partition of the chemical applied to the sail
phases and its possible contamination of surface
witer during the rain events, i.c., periods of time
starting with a rainfall and ending with the
return 1o the background waler level in the
adjacent siream, It requires a limited amount of
chemical and environmental data, and it
furnishes an average concentralion of pesticide
in outflowing waters (Figure 94

SoilFug is essentially an unsteady-state but
equilibricem -event model. This is because it takes
into account the disappearance of the chemicals
according to different phenomena (degradation,
valatilization, runoff} and calculates the partition
among the different phases of the soil according
fo o Level [ fugacity calculation (Mackay and
Paterson, 1981} n the rain event period.

Briefly the model considers the following
four different compartments in the soil; sotl ar,
s0il water, organic matter and mineral matter,
For cach of these compartments, a capacity (7}
can be calculated and therefore the fugacity can
be worlied owt, once the volwne and the chemical
input are lmown. From the fugacity, chemical

2
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Figure 9. Block Diagram of the

Soil Fugacity (SoilFug) Model.

Input of Physico-chemical
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amounts and concentrations in  each

compartmen! can be calculated,

Fripet Data tor the Soiffus Mode/!

Input data for the Soilfug model are;
physico-chemical properties of the pesticide, soil
propertics, water input/output balance, and
pesticide treatments—each of which is ¢laborated
below,

Phystco-chemical propertics

Physico-chemical properties of the
pesticides, together with the half-life in soil, were
the first data to be entered into the SotlFug model.
They were drawn from the recenl literature
{Howard, 1991a, 1991k; Tomlin, 1995), with
Lhe exemption of the half-life figures, which were
selected on [he basis of extremes of the ranges of
variability encountered under different
conditions and taking into account the high
temperatures of the Balangas basin,

Sorf properifes

The mput data required for the soil
scenario description of the model were
temperature, depth, volume fractions of air and

af water in soil at ficld capacity, organic carbon
content, area of the basin and the number of
simulations, 1.¢., the number of rain events,
The actual values of these parameters, as used
for the simulations, are given in Fables 29 and
2+ for the Batangas Bay Region and Niamen,
respectively. The data were derived from the
coastal environmental profiles of the Batangas
Bay Region and Xjamen (ITTXDF, 1996; MTE,
19967, the Department of Agriculture in
Batanzas and Xiamen University.

Whaier inputsontpul balance

The mass balance of the water was
calculated on the basis of rain evenis and
outflow. The basic data for the water input
caleulation were the nwmber of rain events, the
duration of the rain events and the quantity of
rain, A rain event was arbitrarily considered to
be a period during which consecutive instances
of rainfall were separated by no more than two
days. Each rain evenl had to be sufficient to pro-
duce a measurable cutflow, since the mode] was
required 1o estimate the quantity of pesticides
n advective water moving out of the basin, In
addition, cach rain event has 1o allow for the
repartition and the re-equilibration of the
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chemicals between the soil phases and the rain
witer.

Oulllows were eslimated by taking into
account the ameunt of rainfall over the whole
basin and the evaporation rates of about 508,
considered to be reasenably representative of the
basin, In the Batangas Bay Region, the actual
values iwsed for the simulabion of ram events are
atven in Table Z3c The simulalion lasted for
120 days. On ihe other hand, the actual values
used for the Xiamen Seas are listed in Tadbfe 240
The simulation lasted for 250 days.

Fostromde fregtintens

The other parameters necessary for the
running of the model were the periods and
numbers of pesticide applications, pesticide
dosage, days between pesticide applicallons and
valn evenls, area treated and half-life of the
pesticides. The actual values of these parameters
for the simulation are given in Tables 232 and
24 for Lhe Batangas Bay Region and the Xiamen
Seas, respectively. In assembling these values for
the Sciltug model, it was assumed thatl all the
treatments were done in Lthe wel season (wors!
cased when there was maximum possible runoff
and stmulations relaled to single treatmoents
tmaximum load),

Opfput of the Soilfne Moded

From the sets of data described abowve, based
on the model, it was possible to calculare the
averdge concentrations of the different pesticides
in waler during each rain event, taking into
accouttt not enly the partifioning phenomecia
between soil and water, butl also the estimated
persistence of ecach molecule (ie., its half-life).
The final output was a series of graphs showmg
the predicted concentralion of the different
pesticides at the basin outlet. These graphs are
presenled in Figure 10 for the Batangas Bay
Regiom and Figare 17 for the Xiamen Seas,
and are discussed in the succeeding sections,
together with the ecoloxicological significance of
the estimated concentrations,

Risk AssESSMENT FOR THE Batancas Bay
Aquatic EcosysTem

The results of the SoilFug model
caleulations demonstrated that certain quantities
of the most commoenly wsed pesticides (none of
which have bicaccumulation potential) could
hawve been present in the estuary of the main
rivers that enter the Batangas Bay (e.x.,
Calumpansg, River) al analytically deteclable
levels  {oypermethrin excluded).  The
ecoloxicolozical siznificance of the calculated
concentrations are discussed separately for the
lour representative chemicals.

The herbicide butachlor has a caloulated
concentration in water of about 2.5 pg/l, about
100 times less than the actualtoxic concentration
for fish, It can be analviically detectable, and
exceeds the European Union Standard for
Drinking Water for Human Consumption (0.1
pe A1 Concentrations in soil declined three times
during the study period mainly due to sail
degradation with a little contribution of runoff.

The concentration of chlorpyrifos was
caleulated in water al .05 pg /1 to around 0.025
pgAl while its acute toxicity is reported to be 3
pzdl for fish and 1.7 we/l for Dapfia, about
100 times higher than the calculated data,
Dissipation is mainly via degradation, which in
soil 15 a slow process.

Carbary]l could cause adverse effects on
river fauna when it peaks for a few days between
Sand 12 pz/l, Le. exceeding e acute faxicity
for HBephnig at 6 pg/l. Degradation s {ast in
waler and soil and dissipalion 1n sail occurs alsa
through runoff,

The concentration of cypermethrin in
water staried from abeul 0.04 ng/l and slowly
declined lo less than 0.02 ng/l. According to the
literature on cypermethrin, the acute con-
centration for aquatic fauna is a1 0.7 ng/] for
fish and 0.15 ng/1 for Dapleada, respectively,
Considering, however, the sirong atfinity for
suspended solids and sediments, ane could
consider the risk from this chemical as low,
Canceniration in soil was about 0,025 mg/] and

ir
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Figure 10. Concentration Trends of Varmus Chemicals in Soil and Basin Wa
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for Batangas Basin,

Figure 10. Concentration Trends of Various Chemicals in Soil and Easin Water
‘and Loss Process Calculated by the Soil Fugacity (SoilFug) Model
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persisted for several months, with a low rate of
degradation. No data are available for soil risk
assessment, Loss processes are only by soil
dogradation, There 1s no volalilization; neither
is there runoff.

If risk assessment 15 made simply by
cxamining the ratie between predicted
ervironmmental conceniralion (FEC) and acule
toxicity data for the four molecules, only
carbaryl shows a risk for the aquatic fauna,
The results were not cause of concern far the
other three compounds, us the differences were
i arders of magnitude, One should also note
that the simulations were made according Lo
WOPSE Case sCendarios.

If, however, a more severe criterion iy
used to eviluate the model predictions, ez, by
applying the water qualily objective for agquatic
life established by he EEC Scientific Advisory
Commitlee on Taxicology and Ecotoxicology
(CSTE/EEC, 1994) at 0.1 pgs/l for several
orzanophosphate compounds, eme can observe
that this move stringent level of concentration
could have been exceeded for several days afler
the treatments with chiorpyritos.

It can therefore be concluded that on the
basis of acute toxicity criferia considered in the
[trst of the two fypes of assessment, there is no
immediate canse of concern with regard (o the
river aqualic fauna with the exception of the
short-lived carbarvl, However, if the more
severe LEC criterion is applied Lo the assessment,
the fact that the criterion was theoretically
exceeded for several davs has to be accepted as
proot of contamination, and should therefore
be viewed as an early warning,

The sarne consideration could also apply
to marine waters, where less ecatoxicological
data are available, Not one of the chemicals
under study was a cause of concern for
bicaccumulation. The extremely toxic
cypermethrin has lmited possibilities to reach
marine water and, in any case, has a very high
affinity for suspended solids and sediments.
Butachlor and chlorpyrifos are actually no
cause of concern but should be kept under

7

observation as contaminants, as their calculated
theoretical presence could be considered an early
warning.

Carbary] conld provoke undesirable effects
on river fauna. However, if has less probabilily
o endanger marine fauna due to a dilution effect
and fo 1ts very short half-life, being gquickly
hydrelyzed in water and even faster in alkaline
conditions (e, in sca water),

Risk ASSESSMENT FOR THE XIAMEN
Aguaric EcosysTEM

The results of the Soilfug model
calculations demonstrated that certain quantities
of the most commonly used pesticides (none of
which have bioaccumulation potential) could
have been present in the estuaries of the mam
rivers enlering the Xiamen Seas al analylically
detectable levels, The ecotoxicological significance
of the calculated concentration 1s discussed
separately for the five represenfative chemicals.

The fungicide carbendazim has a calewlated
concentration in river waler at the outlet of
about 45 pe/l, acute toxicity for Daprfini being
130 pg/l. The ratic bhetween predicted
environmental concentration and acute foxicity
on a sensitive cruslacean is O35, If a no effect
level is considered, for example only 10 times
less the acute toxicity, a risk could be expected.
The substance is dissipated from seil mainly by
degradation and partiallv by runoff,

Butachlor has a calculated concentration
of & pg/l while acute toxicity to aquatic
organisms is of the order of hundreds pg/1. The
former figure however exceeded the European
Union Standard for Drinking Water for Human
Consumption {01 peg/1).

Dicafol is persistent for about one year in
soil but due to its affinity for soil, the leaching is
limited (max 0.04 pg/ and much lower than
toxie levels. A certain amount of Bioaccumulation
could be expected {log K__4.3) but it has been
demonstrated that il can be metabolized by
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fnr the Xlamen Saas.
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Figure 11.

Concentration Trends of Various Chemicals in Soil: am:l Basin Water -and

Loss Processes Calculated hy the Soil Fugacity {SmlFugSuIlFug} Model fur ;

the xlaman Seas.
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mammalians and birds. Soil risk assessment was
not possible due to the lack of data. Degzradation
oceurs only through soil biodegradation.
Carbofuran is dissipated via degradation and
runoff, Water calculated concentration has a
peak of 15 pgsl that 15 equal to acule toxicity to
Daphnia. In this condition, the risk ratio for
dunger Lo aquatic arganisms is high.

iy carboturan shows a risk for the
aquatic fauna, the result nol being cause of
concern for the other compounds. If, however, a
more severe criterion is wsed 1o evaluate the
model predictions, e.g., by applving the non-
ohserved eftect level, caleulated assuming a factor
of 10 in respect 1o acute toxicity, a risk factor
can be expected for carbendazim and alse
butachlor, It can therefore be concluded, that on
Lk basis of acute toxicity critevia, carbofuran is
at risk of causing acute damages, while on the
lasis of an assumed no effect level of a factor of
(L1 af the acule toxicity, carbendazim and
butachlor fall inte the group of molecules that
could provoke risk to the aquatic fauna, In Xiamen
where mariculture 1s widely practiced, the risk
af wass moriality s pesed as a resull of the
existence of relatively short rivers which result
in waters entering the sea at 4 faster rate,

A particular case is that of dichlorvos of
which several apphcations are done according
o normal agricultural practices, Simulation of
three sequential applications was conducted. The
results are shown in Fignre ffeo Dichlorvos,
despite its short half-life, waz present in watet
al peaks of 40-20 pe/1 (see for cxample Area 1-
2.3} and for a period of several days (integrating
the various contreibutions). Considering the
higher tetal quantity applied (230 t/year), the
application rate of 2.4 kg/hour and that
treatments are repeated up 1o 8 limes per yeat,
this substance has probably caused and will
canlinue to calse massive aguatic organism
mortalily, Its acute toxicity reported by Tomlin
(1994) is 019 pg/l for Dapfiia, Because this
figure was very low, a quick literature survey
was made and the low value was confirmed, In
fact Vighi et al. (1991) reported a value of 0.22
pg /1 while older data referred 1o 0.05 pg/l
tMayer and Ellersieck, 198G), Acute toxicily to

fish is reported at 450 pg/l (Tomlin, 1994),

Considering the water quality objective for
aquatic life, including coastal and marine waters,
established by the Luropean Union Scientific
Advisory Committee on Toxicology and
Ecotoxicology (CSTE/EEC, 1994) at 0.1 pz/l for
several organophosphate compoeunds, one can
observe that this level of concentralion could
have been exceeded for a number of months by
several orders of magmtude,

Risk AsspessminT rros Past Usie
oF PERSISTENT PESTICIDES:
A XoaneEn Case S1runy

Availalble Analytical {dita

In the coastal environmental profile of
Mamen (ITTDXP, 1996), data exist from various
sources on pollutant concentration in biota and
sediment. Exiensive studics Jasting several vears
were recently published on surlface sediments and
core sediments from several stations around
Xiamen Island (Hong et al., 1995; Chen et al.,
1996a, 1996k, Zhang et al,, 199G). A synopsis
of these data is reported in Tables 25 and 26
and the sampling stations are shown in Figure
Iz,

HCH concentrations were higher in the
Western Seds and upper Tong’an Bay and lower
in the Southern and Eastern Seas. The absolute
concenirations are reflecting 4 limited utilization
of the product. This fact is also contirmed by the
decrease in concentration demonstrated by Chen
et al. (1986) (1.3-27 p=/g) and by the
coficentration in sediment cores of fwa stations
that are very similar 1o those reported and nearly
constant from degpest to surface sediments, ZDDT
concentrations also reflect, in the majority of
the stations, pellutant input from agricultural
activities, probably from [he recent past,
considering the ratio of DDT to its metabolites
of around 40 tg¢ 50%. Conceniration aver Lime
15 relatively constant and one could assume thal
there are constand inpuls from azricultural sail
from past wse (as DDT has been banned), A few
points, however, need 1o be clarified as recent

v
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Figure 11. Concentration Trends of Various Chemicals in Soil and Basin Water and
Loss Processes Calculated by the Soil Fugacity (SoilFug) Model for Xiamen.
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Loss Frm:e&ﬁes Calculatad b:.r the. SuIIFug {Sull Fuganity} Model for K!aman
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Figure 11. Concentration Trends of Various Chemicals in Soil and Basin Water and
Loss Processes Calculated by theSoil Fugaf:it-; (SoilFug) Model for J(laman.
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* Table 25. Concentrations {ng/g dw) of HCH and DDT in Sutface
~ Sediments of the Sea Area Around Xiamen.

Station | wHCH yHCH THCH* | ppDOT | ppoOD | ppDOE| ¥DDT
1 0.12 0.23 035 220 1.52 0,73 4.45

2 017 MDD 0.17 26300 [ 3500 [ 12680 311.00

=z ND [E]N] 0,78 7.75 713 225 17.40

@ .08 0.83 s 4.08 4.45 1.G65 14.20

5 Q.07 0149 J.28 2,35 3.02 1.32 .64

5] 0,14 ND .14 JiTs 2.G69 1.04 548

T 0.10 0.2% 0.349 4.491 e [ 1.30 9.94

B 0.09 0.24 0.33 6.20 3.36 1.24 10.80

2 014 0.35 0.as Z2.20 215 0.75 520

10 0.07 0.01 Q.08 1.22 1.26 .51 229
11 0.05 0.01 Q.07 4 06 246 1.04 7.56
12 0.05 003 0,08 588 2.37 0.51 916
13 0.03 0a3 006 1.42 1.22 045 3.10
14 0.02 046 .48 1.22 1.20 0.52 3.04
15 0.03 0.03 0.06 1.14 1.32 0.81 2:97
1G 0.03 0,06 0.09 234 108 0.53 3.95
17 01 MD Q.11 2.36 202 01 4.99
18 0.02 .01 Q.03 1.42 1.8 0G0 3.53
19 0.03 0.0z 0.05 336 1.57 Q.72 5,85

AHCH sometimes contribute to the total HCHs

ME= no data

Table:26. Cgﬁjc'entratiuns.;'{ng!g_dw} of HCH and DDT in Two Sediment Cores.

Depth {cm)|:HCH | PHCH | yHCH | YHCH | ppDDE |ppDDD | ppDDT | ZDODT

Eastern
Sea 0-3 0.1 0.05 .04 028 1.25 3.26 2.81 732
1 3G 020 (.08 0.04 0.3z 1.54 370 522 10.60
54 0.08 D05 0.03 0.18 1.54 2.95 2.84 7.33
g-12 (.16 0.05 0.03 0.24 1.19 257 245 5,21
12-15 0.07 0.03 0.03 0.15 1.19 205 1.40 4.64
15-18 0.18 0,03 003 022 124 2.25 227 576
18-21 0.05 0.03 0.04 D12 1,18 1.61 2.00 4.79

Western
Bay 0-3 0.07 0.06 0.04 0.20 .00 47.60 110500 | 15500
5 36 0,06 0.10 0.02 018 1.70 3.46 2.68 7.84

5-8 0.08 015 0.04 | 027 1.85 3.18 5.44 11.50

812 0.06 0.08 003 | aiv (.86 2.01 1.01 3.88

12-15 0.10 .12 003 | 025 0.959 1.65 1.55 4.19
15-18 Q.09 .18 004 | 0.3 1.73 3.37 322 8.32
18-21 a.08 Q.12 003 | D25 1.60 2.90 0.85 5.45

21-24 0.11 0.08 003 | 023 1.18 281 1.51 5.50
24-27 0.08 0.05 0.03 | 020 1.26 2.44 0.68 4,38
27-30 0.14 0.13 004 | 0.3 1.12 1.87 0.66 3.65
30-33 0.09 0.08 Q.03 | 020 1.40 1.86 1.15 4.41
3338 Q.10 a1 003 | 024 1.58 1.82 1.01 4.42

&7




