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Introduction 

p,p'-DDT [1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane] and gamma (γ)-HCH (hexachlorocyclohexane, lindane) 

are the examples of organochlorine compounds used in a massive scale as agricultural insecticides from the 1940s 

[1]. Apart from the appliances in agriculture, the p,p'-DDT was also used in human hygiene and epidemiology, and 

relatively widely in forestry - until the 1980s in the former Eastern Germany [1,2]. Both p,p'-DDT and γ-HCH are 

easily spread via the atmospheric transport and diffused worldwide, and they are readily adsorbed to soils and 

sediments where can persist for a long-term [3]. Similarly to them, the environmentally persistent and toxic are 

polychlorinated naphthalenes (PCNs), which are industrial chemicals. PCNs occur in trace as by-products in some 

synthetized organochlorine compounds and are produced unintentionally in thermal processes such as combustion, 

incineration, and others [4]. PCNs were manufactured and used as the technical formulations of several types that 

become known under the brand name of Halowax from 1914 until the 1970s [4-5]. DDT, HCH, and PCNs, because 

of their proven toxicity, persistency, accumulation and transfer via food web are in the recent decades of years almost 

continuously studied and monitored in the environmental media, food and human [3]. Moreover, they are registered 

in the Stockholm Convention on Persistent Organic Pollutants (POPs) as listed chemicals in Annex A or B [6]. 

DDT, HCH, and PCNs like many other POPs possess similar physical and chemical properties such as lipophilicity 

and low vapor pressure. Hence, they are expected to behave roughly similar in the air, water, soils or sediments. 

Nevertheless, when studying a fate of POPs in the “abiotic” environmental media as mentioned above, the unique 

characteristics of a medium and its biological activity also have to be taken into account. The insecticides DDT, 

HCH, and industrial chemical PCNs are hydrophobic and all they possess high affinity to surfaces of a different type, 

while all the surfaces containing an organic component have the greatest adsorption capacity for POPs [7]. 

An insight into possible atmospheric fate and some photolytic characteristics of several POPs has been obtained 

recently in controlled experiments performed in the high mountain environment, and from a study of real water 

media samples collected from the Himalayan region of the Eastern Tibetan Plateau. The experiments performed in 

vitro and the study of glacial samples from a region of the peak of Minya Konka (Mt. Gongga) from the Eastern 

Tibetan Plateau showed on induced by sunlight degradation of several perfluoroalkyl substances (PFASs) containing 

PFCAs (perfluorocarboxylic acids) and PFSAs (perfluorosulfonic acids). An exposure to sunshine resulted in 

degradation (probably via de-alkylation) of longer chain compounds and formation of shorter chain compounds or 
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disappearance of some PFASs [8,9]. Also, PCNs contained in the Halowax when exposed to sunlight in a mountain 

environment (at the top of the Mt. Mauna Kea in Hawaii, USA) [10] or an environment of other type (campus of the 

Yuxi Normal University in Yuxi, Yunnan Province, China) [11] undergo a widespread photolytic degradation but 

some isomers of hexachloronaphtahelene, i.e. 1,2,3,4,6,7-HxCN/1,2,3,5,6,7-HxCN (PCN #66/67), survived. 

Aim of this study was to examine in field a possible photodegradation by sunshine of p,p’-DDT and γ-HCH dissolved 

in water. The sunlight conditions in the experiment were the same as in a mentioned experiment with PCNs. 

 

Materials and methods 

The sites selected for the field experiments were the campus of the Yuxi Normal University, Yuxi, Yunnan Province 

(China) and the Mt. Mauna Kea in Hawaii Island (USA). Experiment in Yunnan was carried out for 149 days (from 

June 22, 2015 to November 17, 2015) at elevation of 1700 m above sea level [11] and experiment in Hawaii was 

carried on for 106 days (from September 10, 2010 to December 24, 2010) at elevation of 4200 m [10]. The p,p’-

DDT (Sigma-Aldrich Japan, Japan) and γ-HCH (Tokyo Chemical Industry, Japan) standards were dissolved in a 

mixture of methanol and acetone, and then diluted with Milli-Q water. Methanol and acetone amounts in the test 

solutions were at concentrations of around 1 %. The solutions made were divided into three tubes and amount was 

3 mL for each sample. The test tubes were made of the Pyrex glass (capacity 5 mL) equipped with a butyl rubber 

septum cap at the top. One solution in set of three tubes (containing p,p’-DDT or γ-HCH) was randomly selected as 

a control sample and kept under darkness at –20 °C immediately after preparation. The remaining two solutions in 

the tubes were transported under darkness within 2 days from preparation to the sampling locations. During the solar 

irradiation, the test tubes were kept in a clear polyethylene container without a cover from the top. An initial 

concentration each of the studied compounds was approximately 1 μg mL-1. After the photolysis experiments, the 

compounds were extracted with n-hexane and separated by capillary gas chromatography coupled to quadrupole 

mass spectrometry (GC-MS, Agilent Technologies 6890 GC and 5973 MS, USA) [9]. The analytes were monitored 

with electron ionization in the selected ion monitoring mode (p,p’-DDT, m/z 235 and 237; γ-HCH, m/z 181 and 219). 

 

Results and discussion 

The total ion chromatograms of intact and exposed p,p’-DDT and γ-HCH solutions prepared in Pyrex tubes were 

examined and compared. The p,p’-DDT and γ-HCH concentrations decreased significantly after the experiments. 

The p,p’-DDT in the sunshine exposed solutions almost disappeared since a degradation rate noted was over 75% 

in both experiments (Fig. 1). A high rate of disappearance of p,p’-DDT in tested solutions can be explained as a 

result of direct exposure to UV [12]. An intact sample apart from p,p’-DDT originally contained by-side p,p’-DDE 

[1,1-bis(4-chlorophenyl)-2,2-dichloroethylene] at concentration of approximately 0.30 % and p,p’-DDD [1,1-bis(4-

chlorophenyl)-2,2-dichloroethane] at 0.15 %. Interestingly, the amounts of p,p’-DDE and p,p’-DDD arising from 

degraded p,p’-DDT were in exposed solutions in similar proportion in both experiments. In experiment by Chu, a 
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photodegradation of p,p’-DDT resulted in formation of its principal degradation products such as p,p’-DDD and 

p,p’-DDE, which both initially increased in concentrations, while highly decreased in course of the experiment [13]. 

In the experiments performed with γ-HCH, the result was a little bit different from that observed in the experiments 

with p,p’-DDT. In the experiment performed in the Yunnan site, exposed γ-HCH disappeared almost entirely from 

the irritated solution, while γ-HCH survived in the Hawaiian site (Fig. 1). A lack of the degradation of γ-HCH in the 

Hawaiian site when compared to the Yunnan site can be because of a difference in the environmental conditions 

between the sites due to different localization, duration of the experiment, season and/or UV pattern. A residual 

abundance of γ-HCH can be higher than that of p,p’-DDT under similar irradiation condition [14]. 

In our experiment with p,p’-DDT has not been found any of its known degradation products such as DDD and DDE. 

For HCH, characteristic degradation products were not detectable in this study. In contrast to the results from this 

study a part of PCNs survived in exposed Halowax samples [10,11]. In the Halowax irradiated under the Hawaiian 

condition some congeners of PCN survived, while PCN #66/67 dominated after irradiation, and under the Yunnan 

experiment condition survived only PCN #66/67. Hence, the ultraviolet rays energy from the sunshine in the region 

of Yunnan in China was stronger than at the Hawaiian site and this can be read from the results obtained after 

irradiation experiments with p,p’-DDT, γ-HCH, and PCNs. Moreover, the photolysis pathway of the analytes may 

be significantly different for the sites. Those experiments are continued and more results can be known later. 
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Fig. 1 Relative abundances of p,p’-DDT, p,p’-DDE, p,p’-DDD, and γ-HCH in intact and exposed solutions prepared 

in Pyrex tubes from the Mt. Mauna Kea (Hawaii, USA) and Yuxi Normal University (Yunnan, China) 

photodegradation experiments. 

p,p'-DDT (intact)

p,p'-DDT (exposed)

グラフ タイトル

p,p'-DDT p,p'-DDE p,p'-DDD

p,p'-DDT (intact)

p,p'-DDT (exposed)

グラフ タイトル

p,p'-DDT p,p'-DDE p,p'-DDD

γ-HCH (intact)

γ-HCH (exposed)

HCH

γ-HCH (intact)

γ-HCH (exposed)

HCH
Mt. Mauna Kea (Hawaii) Yuxi Normal University (Yunnan)

Relative abundance Relative abundance

Relative abundance Relative abundance

Organohalogen Compounds Vol. 79, 305-308 (2017) 308




