4

                                                   IAEA-CN-214-39

The Future Directions of Environmental Radiation Monitoring in the post-Fukushima Era
Y. Zhang1,2,3, W. G. Yang1,2
(1.Radiation Monitoring Technical Center, MEP, Hangzhou 310012, China；2.State Key Laboratory of Radiation Environmental Monitoring, MEP, Hangzhou 310012, China; 3. Institutes of Radiation Medicine, Fudan University, Shanghai 200032, China)
E-mail contact of main author:  zhangyucarol@163.com
Abstract. By summarizing the environmental radiation emergency monitoring methods and results in China and Japan, this paper analyzed the deficiencies in the emergency monitoring radiation in our country, proposed some suggestions of the future development directions for radiation environmental monitoring in the post-Fukushima Era. 1) Improve the distribution of radiation environmental monitoring sites. 2) Optimize the plan, method and standard system of nuclear accident emergency. 3) Strengthen environmental radiation auto monitoring. 4) Strengthen provincial and municipal nuclear emergency capacity building, develop fast mobile monitoring capacity. 5) Optimize information integration and distribution system.
1. Introduction

On March 11, 2011, a magnitude 9.0 earthquake hit off the east coast of Japan, the subsequent tsunami disabled the power supply and cooling of three Fukushima Daiichi reactors, causing a nuclear accident which was rated 7 on the International Nuclear and Radiological Event Scale (INES), due to the release of a significant quantity of radionuclides into the surrounding environment. 
With the rapid development of the use of nuclear energy and technology, the attentiveness and importance of radiation environmental monitoring increased to a new standard in the domestic and overseas after the Fukushima accident.
2. Japan’s environmental radiation monitoring
The monitoring organization by Japan government is the Ministry of Education, Culture, Sports, Science and Technology (hereinafter, “MEXT”). The monitoring areas covered land, ocean and air. MEXT set up more than 100 monitoring posts around Fukushima NPP, sampled and measured about 40 posts each day in turn, all posts would be measured at least one time in a week. If high radiation dose was detected at some post, improve monitoring frequency of this point. Monitoring items included air dose rates, cumulative doses, quantitative analyses of radionuclides (primarily 131I and 137Cs in dust, soil, pool water, grass, drinking water, deposition, seawater, sediment)[1].
For the assessment of doses and of the deposition of radioactive substances for future evacuation zones, MEXT and the Department of Energy of the United States (hereinafter, “U.S. DOE”) were jointly performing airborne monitoring, checked the air dose rate 1m above the ground surface within 80km from Fukushima NPP[2]. 
3. China’s environmental radiation monitoring [3]
After the Fukushima nuclear accident, China’s Ministry of Environmental Protection (MEP) immediately started nationwide environmental radiation monitoring. In the 78-day period of emergency response, MEP sent technology group to the provinces with weak monitoring capability to provide technical supports, gathered samples to the provinces with strong monitoring capability to detect and analyze, strengthened the information disclosure, published monitoring data periodically. These actions relieved the nervousness of the public effectively.
The monitoring areas of emergency monitoring for Fukushima accident covered air, land and water. The monitoring items included air dose rates, radioactive isotopes of noble gases xenon, gamma radionuclides in aerosol, radionuclides analysis (primarily 131I and 137Cs in rainwater, deposition, surface soil, seawater, surface water, drinking water, leaf vegetable, milk and marine biota). The monitoring results indicated that artificial radioactive nuclides were detected in aerosol, gaseous-iodine and noble gases samples during the end of March to early April 2013, but were no longer detected at the end of April or early May. [4]
By estimating, the individual effective dose of the public (adult) in our country caused by Fukushima accident was 0.061 μSv, just only a few hundred thousands of the individual annual effective doses caused by natural background radiation, and could not affect the public health in our country.
The emergency monitoring for Fukushima accident made a quick response and appropriate disposal, the monitoring information was published in a timely manner. Despite all this, a range of issues were exposed in dealing with the nuclear accident. For instance, compared with the vast territory, there are no enough automatic monitoring stations in China, and the scope of auto monitoring is narrow; lacking clear emergency monitoring programs; the standardization of emergency monitoring methods is weak; lacking fast mobile monitoring capacity; information publishing system is incomplete; etc. For these problems, based on this monitoring experience, we proposed some suggestions of the future development directions for radiation environmental monitoring in the post-Fukushima Era.
4. Suggestions for China’s radiation environmental monitoring

4.1. Improve the distribution of radiation environmental monitoring sites
In this emergency response to Fukushima accident, the environmental radiation background data accumulated by the long-time running National Environmental Radiation Monitoring Network (NERMN) played an indispensable role. By the end of 2012, the NERMN had 859 state controlling sites, including 136 air auto radiation monitoring stations, 328 terrestrial radiation monitoring sites, 108 water radiation level monitoring sections, 175 soil radiation level monitoring sites, 84 electromagnetism monitoring sites, 28 environmental nuclear safety warning sites. Compared with the vast territory of our country, the density of monitoring sites and stations was still low, while the types of nation controlling sites in some provinces/municipalities were incomplete. Therefore, we should improve the distribution of radiation environmental monitoring sites in the post-Fukushima era, especially the drinking water monitoring sites, perfect the monitoring items and subjects, strengthen the provincial environmental radiation quality monitoring network building, cumulate more complete environmental radiation background data, to improve the monitoring capabilities of all provinces.
4.2. Optimize the plan, method and standard system of nuclear accident emergency
Nuclear and radiation accident has the characteristics of emergent, instantaneity and contingency. So the chiefly technical characteristic of emergency monitoring is fast, and field monitoring technology is important. China had already initially built a nuclear accident emergency system, the emergency organizations at the various levels had made relevant nuclear accident emergency plans and monitoring programs, but some emergency plans have weak operability, lack of link between each other. Especially at the beginning of nuclear accident, the emergency system lacked of clear and strong operable monitoring programs. Therefore, we should scientifically compile and regulate nuclear accident emergency monitoring programs, reinforce emergency drills, strengthen operability.
In this emergency monitoring for Fukushima accident, SAUNA system was used for noble gas xenon measurement [5], while MEXT and U.S. DOE jointly performed large-scale airborne monitoring three times [6]. The monitoring results obtained by SAUNA system were consistent with the monitoring results obtained by high purity germanium γ spectroscopy [7]. Due to the radioactive fission products noble gases xenon and krypton could leak into atmosphere, the monitoring of radioactive xenon is the emphasis of atmospheric environmental radiation emergency monitoring in abnormal emissions of nuclear facilities. The Japan-US joint airborne monitoring provided decision-making supporting information for ascertaining the scope of evacuation zones in critical situations and the responses of agriculture and animal husbandry.
Although a serious new techniques for nuclear accident emergency monitoring such as airborne monitoring and radionuclide sampling in the atmosphere had been established and enabled in China, but lacked of relevant monitoring standards and technical norms, so we should improve nuclear accident emergency monitoring methods and standard systems as early as possible.
4.3. Strengthen environmental radiation auto monitoring
There are 136 air auto radiation monitoring stations all over the country, have not fully covered the prefecture level, and all for atmospheric monitoring. It couldn’t provide enough basic information for assessment of environmental quality and public dose, and also couldn’t provide full profiles of radiation pollution levels during nuclear and radiation accident. So we should strengthen environmental radiation auto monitoring in the post-Fukushima era. Concrete measures include: 1) the monitoring scope of atmospheric radiation auto monitoring should be extended to every provincial capitals, other major cities and important sensitive border regions on the present basis; 2) water radiation auto monitoring systems should be established in the waters around nuclear facilities, to initial form a national waters radiation auto monitoring network. 3) electromagnetic environment mobile monitoring systems should be equipped for NERMN members. 
4.4. Strengthen provincial and municipal nuclear emergency capacity building, develop fast mobile monitoring capacity
Now, the provincial nuclear and radiation emergency monitoring capacities in our country are on various levels, east region is better while northwest is weaker, the provinces with nuclear facilities are better than which have none [8]. The monitoring capacities of some provincial environment protection organizations only meet the needs of several monitoring items, regional development is unbalanced, regional monitoring centers have not formed, and lack of municipal emergency monitoring capacities. The emergency monitoring for Fukushima accident revealed the overall shortage of fast mobile monitoring capacity in China, which resulted in the difficulty of getting accurate environmental monitoring data and information in first time and the difficulty of providing fast effective response.
In the post-Fukushima era, in order to realize real-time emergency monitoring, provide information for the command decision-making, we should attach important to provincial and municipal nuclear emergency capacity building, establish provincial nuclear and radiation emergency monitoring dispatching platform in 31 provinces, nuclear and radiation emergency monitoring fast response mechanism and replenishment system in 132 prefecture-level cities.
4.5. Optimize information integration and distribution system
Radiation emergency monitoring information integration and fast distribution system of MEP played an important role during Fukushima accident, ensured that MEP made daily publish of the absorbed gamma-dose rate in air timely and accurately, which made a good social repercussion. In order to improve the technical basis of environmental monitoring network and master the quality and variation trend of radiation environment, we should optimize information integration and distribution system, establish national radiation environmental monitoring information network system, enhance the information level, optimize national radiation environmental monitoring data software system, access and integrate information of NPP supervision monitoring system, improve public announcement of radiation environmental monitoring.  
5. Conclusion 
In the current information times, compiling environmental radiation monitoring program should consider concerns and anxieties of public, collect public opinions and provide responses. Openness and timeliness should play a more prominent role in the publishing of monitoring data. Internet will be a wide spread way to publish electronic data. 
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