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Abstract

There is an increasing need among herbicide users,
consumers and policy-makers to acquire more information
about the risk of herbicides to human health and the
environment, This study analyzed the changes in herbicide
use and risk throughout all the provinces of Iran, from
1994 to 2004. Herbicide risk was calculated by multiplying
the amount of herbicides used (tone of active ingredient)
by the Environmental Impact Quotient (EIQ), a scoring
system for the potential risk of pesticides to farm-workers,
consumers and the environment based on a 1,3 and 5
scale. Results indicate that herbicide use has increased in
all provinces during this period. At the same time, mean
herbicides toxicity, measured as EIQ, has declined from
25.03 to 23.7. Although mean E1Q has decreased, the
Environmental Tmpacts (1) of herbicides have increased
due to high herbicide use in most provinces. Among
herbicides registered on wheat, Difenzoquat (30.8) and
Dichlorprop-p + Mecoprop-p + MCPA (29.3) have the
highest EIQ. The lowest EIQ was calculated for
Tribenuron-methyl (15) and Flamprop-M- isopropyl (16).
Also, during last decades, eight provinces including Fars,
Khuzestan, Golestan, Lorestan, Kermanshah, Khorasan,
West Azarbayjan and Ardabil were shown to be more
vulnerable to herbicides according to data of herbicide
use and their environmental impacts.
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Introduction

Weeds are one of the limiting factors on crop
production worldwide and cause serious yield losses.
As about a half of human labor in small-holder
farming is devoted to weeding, weeds could be
considered as a socio-economic problem in these
systems (Zand ez a/. 2002). Various herbicides have
been produced and registered worldwide to overcome
this problem. However, a substantial increase in
pesticide and especially herbicide use for maximizing
crop production has resulted in severe impacts on
existing agroecosystems.

As the environmental hazards of pesticides were
discovered, efforts were begun to decrease or even
eliminate their use in agricultural systems. In most
cases, reduction of pesticide use will lessen its
hazardous impacts on humans and the environment.
In other words, decline in pesticide use means
decreasing exposure to pesticides. Most rescarchers
argue that programs for reducing pesticide use should
be based on reducing pesticide risk for consumers
and non-target organisms; i.e. a reduction in
application rate (active ingredients) should result in
the decrease of pesticide risk (Gallivan ez a/, 2001).
Following the new emerging need for awareness of
pesticide impacts on human and ecosystem health
among workers, consumers and policy-makers,
quantifying pesticide risk has became a necessity.
Sampling, monitoring and tracking pesticides is an
approach used in environmental risk assessment, but
the procedute is extremely expensive. So, methods
have developed for predicting the environmental
impacts (EI) of pesticides which assess their risks
before application (Reus ez al, 2002). Models that
evaluate the complex of various factors including
consumers, the environment and living organisms
are more effective and precise in environmental risk
assessments (Dunn, 2004).

In the present paper, the history of herbicide use
during last decade in the Project on National Wheat

Self-Sufficiency and changes in their environmental

risk throughout vatious provinces in Iran is studied
and analyzed. The objective of the study was to
evaluate the changes in herbicide use and risk in each
province, using EIQ model for environmental risk
assessment of registered herbicides on wheat during

the last decade.

Materials and Methods

The list of herbicides registered on wheat during
1968-2004 and their formulation, dosage and mode
of action was prepared according to data provided
by the Iran Plant Protection Organization (IPPO,
2002). The data required for this project were: the
amount of herbicide (active ingredient) used in each
individual province, the risk of each herbicide, and
the area of wheat production. Data on amount (tone)
of each herbicide and total pesticide used on wheat
(insecticide, fungicide, etc.) in all provinces were also
obtained from the database of IPPO. The area of
wheat production was obtained from the office of
Agrticulture Statistics for Iran (Iran Ministry of Jihad
-e- Agticulture, 1995, 1997, 1999, 2001, 2002, 2003,
2004).

The first stage of the risk assessment was to
survey the literature on pesticide scoring systems to
select those applicable to the situation in Iran. Selected
scoring systems had to provide for a broad range of
environmental impacts (human, avian, aquatic, and
beneficial, etc.). After examining the available scoring
systems, the most approptiate was the Environmental
Impact Quotient (EIQ), a system developed by the
Integrated Pest Management Program at Cornell
University (Kovach ¢z al., 1992), as a measure of the
risk of individual pesticides:

All the input variables are scored as 1, 3 and 5.
Some indicators like toxicity for honey bees, beneficial
insects, leaching and runoff potential, chronic toxicity
and mode of action are categorical indicators; i.e.
for their low, medium and high measures, their scotes
were 1, 3 and 5 respectively (Table 1). The ranking

system for numerical indicators (such as dermal acute
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EIQ = C[(DT x5) + (DT XP)] + (C X ((S+P)/2) X SY) + (L)+(F X R) + (DX( (S+P)/2)x3) + (ZXPX3) + (BXPx5))/3

C = Chronic toxicity

S = Soil tesidue half-life

F = Fish toxicity

Z = Lethality to honey bees

DT = Dermal toxicity (acute)
SY = Systemicity

R = Run-off potential

B = Beneficial organism toxicity

P = Plant surface residue half-life
L = Leaching potential
D = Bird toxicity

Equation 1. Environmental Impact Quotient (EIQ) model for evaluating of herbicide risk.
(Kovach ez al., 1992; Gallivan ¢/ al., 2001; Gallivan e a/., 2005)

toxicity, toxicity for birds, half-life in soil and plant
surface are given in Table 1.

Risk is a function of the toxicity of a chemical
and the exposute to that chemical (Gallivan e a/,
2005; Dunn, 2004, Equation 2):
Risk = f (Toxicity X Exposute) (Eq. 2)

Hence, equation 3 (Gallivan e/ al., 2001) was used
to calculate the environmental impact of registered
herbicides in individual province based on amount

used:

EI province i =2, herbicides used (Amount herbicide i
X EIQ herbicide 7) (Eq. 3)

which EI province i is the environmental impact
of herbicides in the province 7, EIQ herbicide / is the
environmental impact quotient of hetbicide 7 and
Amount herbicide i is the amount of herbicide i use
(tone) in province ;.

The toxicity data of registered herbicides including
acute toxicity (LDsp and LCsp), chronic toxicity,
carcinogenic potential, impact on human fertility,
and mutagenesis potential, as well as herbicide impact
on the ecosystem and beneficial organisms like honey
bees and birds, were collected from Database (US
EPA Extoxnet Database, 1996; Crop Protection
Handbook, 2003; US EPA ECOTOX Database,
2003). Then, herbicides were classified according to
their use and environmental impacts in each province
and, finally, high-use and high-risk herbicides were

identified.

Results and Discussion

A Review of Registered Herbicides in Wheat
and their EIQ

Results indicate that herbicides accounted for one
third of pesticides used in Iran and this reflects the
importance of herbicides to weed management in
the farming systems in Iran. 37 percent (3708 tone)
of total herbicide use (10006 tones in 2004-2005
cropping season) was applied on wheat
agroecosystems (Iran Plant Protection Otganization,
unpublished data). 17 hetbicides are registered for
wheat which is remarkable in comparison with any
other main crop in Iran. From 17 registered herbicides,
7 herbicides were for broadleaves, 7 herbicides for
grasses and 3 herbicides were dual-purpose (Table
2);

Table 2 also shows the EIQs of wheat herbicides
registered for wheat in Iran. As mentioned before,
the EIQ consists of three major categories: effects
on farm-workers, consumers and ecological impact.
6 of the herbicides for wheat have the highest EIQ.
These herbicides ate Difenzoquat (30.8), 2, 4- D +
MCPA (29.6), Dichlotprop-p + Mecoptop-p + MCPA
(29.3), Dichlofop methyl (29), Fenoxaprop-p ethyl
(28.6) and Bromoxynil + MCPA (28.3) (Table 2).
The lowest EIQ was calculated for Tribenuron-
methyl (15) and Flamprop-M- isopropyl (16). The
average EIQs of grass herbicides, broadleaf herbicides
and dual-purpose herbicides were respectively 25.2,
23.4 and 19.9 which indicates the higher

environmental toxicity of broadleaf herbicides.
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Table 1. Criteria for Scoring 11QQ Variables.

- ~ Rating Scores & Criteria
> 1 3 5
C ; little ,0‘1'\ uox:l’c' b = ' possible ' ! - definite
Acute dermal toxicity
DT >2000 200-21 0-2
(LDso for rabbits/rats mg kg) o o
fBu-d toxicity (s day LCw) S e D - >1000 ppm 100-1000 ppm - 1100 ppm
Lethality to honey bees 7 relatively non moderately toxic or highly toxic or
(at ficld doses) toxic or > 100 p g 2-100 pg <2pg
: . Gr moderate impact o
‘ ~ low impact Fa ey = ~ severe impact.
B & e or post-emergent i i
. herblmdes
Fish toxicity (96 hr LCso) F >10 ppm 1-10 ppm <1ppm
Soil residuc halflife (days) S < 30100 = 0
1-2 weeks and 2-4 weeks and
Plant surface residue half-life P Pre-emergence Post-emergence >4 weeks
herbicides herbicides
sy non-systemic - 'Sj#télnic
- ’ - and all herbicides i -
Leaching and run-off potential L,R Small or Medium or Large or
Log (half-life) (4-log (Koc)) <18 1.8-2.8 >2.8

average of ratings from

* The chronic toxicity variable (C) is based on long term health impacts, calculated as the

ss - reproductive, - teratogenic  (causing  deformities in - offspring),

laboratory tests on small mammals designed to  ass
mutagenic (affecting genes and chromosomes), and oncogenic (tumor growth) effects.
Source: adapted from levitan (1997 ); cross and Ldwards-jones ( 2006 ).

Fars. In the whole ten-year period (1994-2004), the

changes in the environmental impacts of herbicides

Changes in Herbicide Use, and Herbicide Risk
Based on the EIQ and Environmental Impacts

in all Provinces in all provinces (but Golestan) were incremental

The EIQ measures the potential risk of a herbicide (Figure 1). The highest increase in environmental
while the EI measures the risk associated with impacts from herbicides were for Khuzestan and
herbicide use. During the last decade, eight provinces Lorestan, respectively (Figure 1, Table 3). The rise
had the highest herbicide use on wheat (Table 3).

The highest envitonmental impacts were also recorded

in environmental impacts in most provinces was
mainly due to an increase in herbicide use. As the
in these provinces. The provinces with the highest highest wheat production during 2003-2004 cropping
environmental impacts in 1994 and 2004 are presented season were recorded in these provinces and 62
in Figure 1. The highest envitonmental impacts were percent of wheat was produced in these provinces
recorded in Fars and Golestan during the 1994-1995 (Iran Ministry of Jihad -e- Agticulture), it can be

cropping season. In 2003-2004, the highest concluded that the risk of herbicide exposure is

environmental impacts were seen in Khuzestan and higher in these regions. In Khuzestan, herbicide use

AWAY OlSuws) « # oans asle
ENVIRONMENTAL SCIENCES 6, Winter 2005
4



Table 2.

Herbicides registered on wheat in Iran.

' Coﬁxmojn" name Trade name F;);mulation Regiétratidnr year  EIQ ‘

Broadleaf Herbicides

 Bromoxynil +MCPA  Bromicide AM 40 % EC 2002 3
2,4-D + MCPA U- 46- Kambi 67.5 % SL 1968 29.6

kD U-46-D TIUSL 1968 0
Tribenuron- methyl Granstar 75 % DF 1990 15

~ Bromoxynil Brominal (Pardner)  225% St 1986 ‘ZG "
Dichlorprop-p + Mecoprop-p + MCPA Duplosan Super 60 % SL 1995 29.3

Teiasulfwron + terbuteyne  LoomaEia 64 % WG 2001 28
Grass Herbicides

1 ]l);i_{:ihlofgh’mé‘tl’lyl = Illoxan i 36 % EC 1980 i : 29 .
Fenoxaprop-p ethyl = Puma Super 7.5 % EW 1993 28.6

Clodivatoppropuesst CTapk . a%EC e
Tralkoxydim Grasp 25 % SC 1998 22
Difenzoquat Avenge : 25%SL 1975 308
Flamprop-M- i;opropyl Suffix BW : 20 % EC 1991 16
Dual-pﬁrpose hérbicides - k ' '
M°S°S“'f“'?‘;;Mééhyl Elodoulivion: Chevalier 6% WG Jit .
methyl-sodium

Sulfosulfuron Apyrus 75 % WG 2003 20.33
Imazamethabenz- Methyl Assert 25 % SC 1995 18

Sources: (Kovach ez al, 1992; Zand et al, 2003; Montazesi ef al., 2005).

has increased from 251.9 tone in 1994-1995 to 593
tone in the 2004-2005 cropping season. The data for
Fats and Lorestan are 369.7 and 114.9 tone in 1994-
1995 and 530 and 283 tone in 2004-2005, respectively.
According to these results, the environmental impacts
of herbicides in these provinces have risen during
this period. In general, results show that, in this
period, herbicide use and environmental impacts
have increased (Table 3). In all 8 provinces which
had highest herbicide use, 2, 4- D + MCPA,
Bromoxynil Tribenuron- methyl, Difenzoquat,

Dichlofop methyl, Tralkoxydim, Fenoxaprop-p ethyl

YYAY Hlsius) «

and Clodinafop-propargyl were used in the 1994-
1995 cropping season which their mean EIQ is 25.03.
During the past 10 years, with the registering of new
herbicides, the average EIQ has declined to 23.7 but
their environmental impacts have increased due to
a rise in herbicide use. As indicated in Table 3,
herbicide use has increased in all provinces during
this period (1994-2004). Although mean EIQ has
decreased, the environmental impacts of herbicides
have increased due to greater herbicide use in most
provinces. The lowest herbicide use was recorded in

Qom, Guilan, Bushehr and Sistan-Baluchestan
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Environmental Impact x( 1000)

Ardebil Khorasan

515543@\
| @ 2003-2004 |

Golestan

Kermanshah Lorestan

Figure 1. Environmental impacts of wheat herbicides in provinces with the highest use during last decade.

Provinces (Table 3). A few European countties, such
as Denmark, Sweden and the Netherlands, have
targeted national plans for the reduction of pesticide
use in agriculture, calling for a reduction of 50% or
morc within a 10-ycar period. Sacthre ez a/., (1999)
reported that from 1986 to 1997 the overall reduction
in pesticide use was more than 49% in Norway.
Brimner ¢/ al., (2005) in a study on the environmental
impacts of herbicides used on canola in Canada
concluded that, during 1995-2000, the amount of
active ingredients from herbicides and their
environmental impacts per hectare has increased 42.8
and 36.8 percent, respectively.

As herbicide use probably increased due to an
increase in wheat-based farming systems, the ratio
of herbicide use to crop atrea has increased in six
provinces (but Golestan has the highest herbicide
use). This means the herbicide use per area has
increased during this petiod. However, with the
exception of Golestan Province in the first year

(1994-1995), these ratios remain less than 1; i.e.

herbicide use was always less than area. The lowest
ratio was recorded in Khorassan in both the first and
last years of the study period (Figure 2), while the
herbicide use in this province was highest in
comparison with most provinces, this is due to it
having the highest wheat area (675000 ha). Therefore,
it can be concluded that, in relation to its area,
hetbicide use in this province is low (Figure 2).

Among the rainy provinces (Guilan, Mazandaran
and Golestan) only Golestan ranked as province with
highest herbicide use and environmental impacts
(EI) (Table 3; Figure 1, 2). As in these provinces, the
risk of leaching and surface run-off of herbicides
and therefore their impact on consumers will
accelerate, so it should be denied to high use of
hetbicides with higher EIQ. Brady e# a/, (2006)
reported that the winter months are the rainy season
for the Central Valley, thus creating the potential for
greater pesticide transport from rain-induced runoff
following winter spray applications and make it an

area highly susceptible to contamination.
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Figure 2. Herbicide use per area in provinces with the highest use during last decade.

Conclusion

The main objective of an integrated weed
management (IWM) progtam is the reduction of
herbicide use and dependence. Furthermore,
sustainable agriculture seeks for reducing
environmental pesticides risks in order to conserve
the environment and living organisms. Results of
this study showed that herbicide use and its
environmental impacts in wheat-based farming
systems has accelerated during last decade and
prediction shows that this trend will be same in the
future.

It can be also concluded that, during the last
decades, the cight provinces of Fars, Khuzestan,
Golestan, Lotestan, Kermanshah, Khorasan, West
Azarbayjan and Ardabil were more vulnerable to
environmental herbicide impacts base on data of
herbicide use and the environmental impact quotient.
On the other hand, herbicide use per area has

increased during this period. The lowest ratio was

recorded in Khorassan in both the first and last years
of the study period; while herbicide use in this
province was highest compared with most provinces,
this is due to it having the highest wheat area (675000 l
ha). Therefore, it can be concluded that, in terms of
planting area, herbicide use in this province is low.
As changes in wheat area has been more or less
similar during last decade, it can be concluded that,
production increase has mainly been due to increased
inputs, especially herbicides, which have resulted in
the sustainability of wheat agroecosystems falling in
all provinces. This will continue unless policies are
revised and reconsidered. The first step towards this,
is the introduction of newer herbicides with lower
dosages as well as lower environmental impact
quotients (EIQ). Second, the elimination of herbicides
with high EIQs. Also, herbicide use should be reduced
in the rainy regions of the northern parts of the
country to minimize the environmental impacts of

herbicides in wheat agroecosystems.
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Province

West Azarbayjan
East Azarbayjan
Ardabil
Esfahan
llam
Bushehr
Tehran
jiroft
Cheharmahal
and Bakhtiari
Khorasan
Khuzestan
Zanjan
Semnan
Sistan and
Baluchestan
Fars
OmNs:,
Qom
Kohgiluyeh and
Boyerahmad
Kordestan
Kermanshah
Kerman
Golestan
Guilan
_.oqm,mﬁ:
Mazandaran
Markazi
Moghan
Hormozgan
Hamedan
Yazd

49_,&_

Table 3. Use and environmental impacts of wheat herbicides in the all provinces during last decade.

1994-1995
Use (ton) El(x10%)
64.4 1.90
521 1.54
77.9 2.30
46.6 1.33
59.7 173
43 0.13
62.3 1.71
6.4 0.19
435 124
137.7 4.07
251.9 6.89
20.4 0.60
26.1 0.71
7.5 0.22
369.7 10.52
451 1.33
0.0 0,00
26.5 0.78
27.8 0.82
162.6 472
13.0 0.38
3206 9.09
47 0.14
114.9 3.33
61.6 172
476 142
31 0.09
64.4 1.90
7.2 0.21
2129.3 61.00

1995-1996
Use(ton)  El(x10%)
787 1.80
49.5 1.14
57.9 147
43.8 1.04
523 1.22
23 0.05
506 1.23
59 0.14
24.0 0.54
1271 2.91
301.1 716
10.6 0.25
227 0.51
34 0.07
340.8 8.45
425 1.01

0.0 0.00
16.3 0.38
219 0.50
152.5 3.51
18.0 0.47
334.2 8.80

23 0.05
945 219
443 1.04
40.8 0.97
28.4 0.67

6.7 0417
617 1.41

49 0.13

2039.5 49.27

1997-1998
Use (ton) El (x10%)
797.5 23.59
98.0 2.89
101.1 3.01
54.5 1.51
54.2 158
5.1 0.15
35.8 1.03
10.5 0.30
345 1.02
170.5 455
204.0 582
21.7 0.64
214 062
6.3 0.17
234.9 6.52
46.4 1.36
15.0 0.38
14.1 0.39
36.7 1.08
200.0 585
14.0 0.40
260.2 6.83
14 0.03
200.4 5.56
3238 0.88
50 172
10.0 0.29
718 1.99
5.0 0.14
2816.3 80.31

1998-1999
Use (ton) El (x109
67.1 197
62.1 1.83
771 229
50.1 147
47.1 137
34 0.10
457 135
29 0.07

o Bo7 0.96
116.6 3.41
227.5 644
13.0 0.37

9.9 0.29
43 0.13
228.1 6.38
233 0.68
8.7 0.24
95 0.28
339 1.00
160.4 4.70
62.3 182
171.5 4.96
2.0 10.06
1735 512
15.4 0.44
37.9 1402
6.2 0.18
51.7 1.48
55 0.16
1749.2 50.65

12000-2001
Use (ton) El (x10%)
556 163
51.0 149
721 209
535 153
56.8 161
5.1 0.14
430 122
4.1 0.11
275 0.81
87.3 248
306.1 8.37
10.5 0.30
16.6 0.46
3.3 0.09
396.3 11.05
333 0.95
6.8 019
295 0.85
26.0 0.76
98.1 2.81
223 0.60
325.2 9.26
15 0.04
141.8 4.06
26.5 073
25.1 0.73
14 0.39
55 015
29.8 086
82 023
19822  56.01

2002-2003
Use(ton)  El(x10%
T2 227
65.0 1.84
872 2.52
57.4 \_AQN;
108.4 3.07
9.1 0.24
34.0 0.93
13.4 0.36
321 0.94
136.9 3.88
396.4 10.90
10.7 0.30
16.1 044
37 0.11
3984 10.87
AN.M 1.18
4.6 0.12
59.3 1.67
382 0.98
NTTT 5.01
27.5 0.74
262.6 7.28
1.0 0.03
162.6 4.66
43.8 1.14
276 0.81
9.0 0.24
258 0.74
10.8 0.31
23334 65.19

2003-2004
Use (ton) El (x10%)
188.4 492
150.4 3.62
174.9 471
100.0 282
131.6 367
23.0 0.65
72.3 202
38.5 1.08
54.4 154
160.8 452
593.6 15.56
24.0 0.65
33.6 088
33 0.10
530.1 14.34
61.2 171
10.2 0.28
86.1 243
81.0 233
2731 7.68
423 1
276.4 7.44
10 003
283.8 8.09
7.3 1.97
49.4 1.39
296 0.75
221 0.59
Tl 2.00
13.3 0.38
3650.4 99.25
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