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Abstract. The relationship between the global technical 
HCH use trends and their impact on the arctic atmospheric 
environment has been studied. Two significant drops in 
global technical HCH usage were identified. In 1983, China 
banned the use of technical HCH. This represented the largest 
drop ever in global use rates. In 1990 India stopped technical 
HCH usage in agriculture and the former Soviet Union 
banned the use of technical HCH. Since 1990, India has been 
the biggest user of technical HCH in the world. Significant 
drops in atmospheric c•-HCH in the arctic were observed 
between 1982 and 1983, and again between 1990 and 1992. 
The rapid response in atmospheric concentrations to usage is 
encouraging; however, since c•-HCH concentrations in the 
arctic waters have remained relatively unchanged, the decline 
in atmospheric c•-HCH has reversed the net direction of air- 
sea gas flux. The accumulated mass in oceans and large lakes 
may represent a new source of riCH to the arctic atmosphere. 

Introduction 

Hexachlorocyclohexane (HCH) is an organochlorine 
insecticide that is available in two formulations: technical 

HCH which is dominated by the c•-HCH and ¾-HCH with 
traces of the [•-, b-, and •-HCH [Metcalf, 1955], and lindane 
(> 90% ¾-HCH). Because of its low cost and high 
effectiveness, HCH was one of the most widely used 
insecticides in the world. Technical HCH usage began in 
1943, and the total global consumption was estimated to be as 
high as 6.0 million tonnes [Huang, 1989] with maximum 
annual usage at 334,400 tonnes in 1981. 

HCH compounds volatilize soon after application in source 
regions [Glotfelty et al., 1984] and migrate through the 
atmosphere to the polar regions [Gregor and Gummer, 1989]. 
Since the low Henry's law constants of HCHs favour 
partitioning from air into water [Kucklick et al., 1991], 
especially at low temperatures, HCHs condense into the lakes 
and oceans of northern ecosystems [McConnell et al., 1993, 
Hinckley et al., 1991]. This is sometimes referred to as the 
"cold condensation" phenomenon [Wania, and Mackay, 
1993, 1996]. In fact, HCHs have been found to be the most 
abundant organic compounds in the arctic atmosphere and 
surface waters [Iwata et al., 1993; Hargrave et al., 1988; 
Bidleman et al., 1995]. A compilation of measurements made 
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between 1979-93 from stations in the Canadian and 

Norwegian arctic and from cruises in the Bering and Chukchi 
seas indicates that atmospheric concentrations of ct-HCH 
have declined significantly [Bidleman et al., 1995, Jantunen 
and Bidleman, 1995, 1996]. This decline was not linear but 
rather occurred in steps, decreasing after 1982 and again 
between 1990 and 1992. 

This letter summarizes global usage of ct-HCH from 1979 
to 1994, and compares the usage trends with concentration of 
ct-HCH in arctic air during the same time period. 

Global Usage of Technical HCH 

Many countries, especially developed countries, banned 
technical HCH usage in 1970s [Voldner and Li, 1995]. In 
1979 there were around 70 countries still using technical 
HCH, but half of these countries banned the product between 
1979 to 1992 [Voldner and Li, 1995]. Since 1979 China, 
India and the former Soviet Union have been the top technical 
HCH consuming countries. In 1980, the annual consumption 
of technical HCH in these three countries accounted for more 
than 90% of the total technical HCH usage in the world. 

Technical HCH production and usage data for China, India 
and the former Soviet Union are summarized in Table 1. 
China was the largest producer and user of technical HCH 
from the1970s until April 1, 1983 when China banned both 
production and usage of technical HCH [Chinese Ministry of 
Agriculture, 1989, Li et al., 1997]. The total amount of 
technical HCH produced from 1952 to 1983 in China was 
around 4.5 million tonnes. This represents three times the 
total usage for rest of the world [Huang, 1989]. We should 
point out that data published earlier by Li et al., 1996 were 
lower by almost 20 times than those listed in Table 1. The 
discrepancy between this and the earlier report is due to 
improved accuracy and reliability of sources. 

India is another country with large technical HCH 
consumption in both the agriculture and public health sectors. 
Maximum annual usage reached 57,000t in the latter 1980s. 
On October 30,1990 the government of India banned 
technical HCH usage on vegetable, fruit, and oilseed crops 
and for preservation of grains, but continued to allow its use 
for public health protection [Parmar, 1993] and on certain 
food crops [David et al., 1993] at around 20,000t annually. It 
was reported that the India Government has taken a decision 
to phase out a production of 30,000 tonnes of HCH per 
annum (Sugavanam and Kim, 1996). 

In the former Soviet Union, technical HCH was one of the 
most widely used insecticides from 1940s to 1980s [Kundiev 
and Kagan, 1993a]. The most extended areas of the arable 
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Table 1. Technical HCH Production (t.a-1) in China and 
Usage (t.a-1) in India and in the Former Soviet Union*. 

...................... ¾e-a•.- ......... Chin a India Form. 
USSR a 

1979 246,000 26,065 N.A. 

1980 286,000 25,070 11,160 

1981 264,000 37,113 N.A. 

1982 210,000 42,541 N.A. 

1983 Banned 42,603 N.A. 

1984 40,210 N.A. 

1985 37,860 16,693 
t986 38,600 N.A. 

1987 38,830 N.A. 

1988 56,010 N.A. 

1989 57,510 N.A. 

1990 52,570 Banned 

1991 24,100 

* Chinese data are from Li et al., 1997, Indian data are 
from Food and Agriculture Organization, 1980-90; 
Government of India, 1990; Parmar, 1993; Battelle Europe, 
and data for the former Soviet Union are from Kundiev and 

Kagan, 1993a. 
a. The data were tonnage of technical HCH used in 

agriculture only, and calculated from ¾-HCH (active 
ingredient) usage by assuming that technical HCH contains 
15% ¾-HCH. 

N.A.' Data not available. 

lands on the territory of the former Soviet Union were 
in Russia and Ukraine. In Russia, pesticides were intensively 
used in the Northern Caucasus, Central chernozem (black 
soil) zones (Voronezh, Kursk, Rostov, BelLorod, 
TamboY regions), and in the areas adjacent to the river Volga 
(Sa•atoy, Volgograd, Astrakhan regions) [Kundiev and 
Kagan, 1993b]o 

Historical usage of technical HCH in the former Soviet 
Union is listed in Table 1. The use of technical HCH was 

banned at the end of the 1980's for the major agricultural 
crops, however, use of remaining stockpiles was allowed even 
after 1991. [Kundiev et al., 1993a]. 

Estimated global technical HCH usage from 1979 to 1994 
are depicted in Figure 1. In the estimation, we assume that 
total technical HCH produced each year in China was used in 
the same year. This figure also reflects the assumption that 
technical HCH stockpiles were used in countries for two 
years a•ter a ban. For example, although China banned 
technical HCH in 1983, we assumed that technical HCH was 
still Used in this country in 1983 and 1984 but at a declining 
16vel, reaching zero usage in 1985. In the former Soviet 
Union, we assumed the usage of technical HCH was 16,693t 
in 1989, same as the amount consumed in 1985, and 0 in 
1992. For those years when the data were not available, a 
linear interpolation was used to fill the gap. 

The Impact of Global HCH Usage on the arctic 
Atmosphere 

As ct-HCH is the dominant isomer in the formulation of 

technical HCH, tracking the atmospheric concentration of this 

compound should directly reflect current use rates. In Figure 
1, global use rates of technical HCH can be compared with 
historical measurements of ct-HCH concentration (from June 
to November) in the atmosphere of arctic regions [Bidleman 
et al. 1995, Jantunen and Bidleman, 1995, 1996, Patton et al., 
1989, 1991, Hargrave et al., 1988, Falconer et al., 1995, 
Oehme & Ottar, 1984, Pacyna & Oehme, 1988, Oehme, 
1991, Oehme et al., 1995, Tanabe & Tatsukawa, 1980, 
Hinckley et al., 1991, Iwata et al., 1993]. These air 
concentration data were measured from different stations in 

different years by several research groups. The variability for 
these data can be found in [Bidleman et al. 1995]. 

Two significant drops of global technical HCH usage are 
identified in Fig. 1. One started in 1983 when China banned 
the use of technical HCH, and another occurred around 1990 
when India banned technical HCH usage in agriculture and 
the former Soviet Union banned the usage of technical HCH. 
Air concentrations of ct-HCH appear to respond within a few 
years to changes of usage. The long-term trends also show 
two significant decreases, one between 1982 and 1983, and 
another between 1990 and 1992. The consistency between 
global technical HCH usage and air concentrations of ct-HCH 
in arctic regions illustrates a relationship between usage and 
air concentrations on a global level. 

The net direction of the air-sea gas flux is controlled by the 
dissolved and gaseous HCH concentrations in water and air, 
the Henry's law constant, and the air temperature. The drop in 
atmospheric ct-HCH concentrations since 1991 in arctic 
regions has actually caused a shift in the direction of the 
air-water flux of ct-HCH from deposition to volatilization 
[Jautunen and Bidleman, 1995, Bidleman et al., 1995]. Up 
until 1991, measurements of HCH air-water flux in the arctic 
as well as in other large, cold water bodies such as the Great 
Lakes and Lake Baikal, Russia resulted in an air-to-water flux 
direction for both ct- and ¾-HCH except for the warmest 
months of the year [Bidleman and McConnell, 1995, 
McConnell et al., 1996]. 

Atmospheric concentrations of ct-HCH seem to be 
responding rapidly to reductions in global use rates. A 
continuation in the trend in declining air concentrations is 
expected as more and more countries phase out the use of this 
compound. However, as the air ct-HCH concentration drops, 
the net direction of air-sea gas flux has been reversed since 
HCH concentrations in the arctic waters have remained 
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Figure l' Long-term trends of global Technical HCH usage 
and mean air concentrations of ct-HCH in the arctic regions 
from 1979 to 1994. 
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relatively unchanged. Thus, soils and surface waters 
containing HCH will be a diffuse, non-point source to the 
atmosphere that will likely maintain detectable atmospheric 
concentrations for some time in the future. 
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