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摘       要  

第 18 屆 環 境 和 水 資 源 管 理 國 際 會 議 (ICEWRM 2016: 18th 

International Conference on Environment and Water Resource Management)，

主要針對水資源永續利用、廢水再利用、環境影響評估、永續發展、生

物科技、能源…等不同領域之議題，發表相關之研究論文，並提供廣泛

的交流管道與經驗分享，其中參與對象包括學者、研究機構、公部門、

商界人士…等。本次會議在日本舉行，會議主軸為環境和水資源議題，

會議論文分為 17 項主題，包括水資源永續利用、廢水處理、生物科技、

食品營養科學、能源電力工程、化學分子工程、人類社會科學…等。除

瞭解國際水資源再利用之趨勢外，亦以展示電子海報方式，分享我國致

力於落實環評監督，使水資源永續再利用之成果。
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壹、出國目的  

第 18 屆 環 境 和 水 資 源 管 理 國 際 會 議 (ICEWRM 2016: 18th 

International Conference on Environment and Water Resource Management)

由科學工程與技術世界學院 (World Academy of Science, Engineering and 

Technology, WASET)主辦，該單位為一群關注亞洲、歐洲和北美的學者

與商業人士所組成之非營利組織。主要針對水資源永續利用、廢水再利

用、環境影響評估、永續發展、生物科技、能源…等不同領域之議題，

發表相關之研究論文，並提供廣泛的交流管道與經驗分享，其中參與對

象包括學者、研究機構、公部門、商界人士…等。  

本次除參與研討會外，並與其他國家經驗交流，以電子海報說明方

式，分享我國致力於落實環評監督，使水資源永續再利用之成果，並期

能藉由參與本次會議，瞭解國際水資源再利用趨勢。  

 

貳、行程  

日期  地點  工作內容  

5 月 24 日  臺北至日本東京  啟程  

5 月 25 日  日本（東京）  報到及開幕式  

5 月 26 日  日本（東京）  研討會（分組論文

平行會議）  

5 月 27 日  日本（東京）  研討會（分組論文

平行會議）  

5 月 28 日  日本東京至臺北  返程  
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參、會議地點及內容  

｢第 18 屆環境和水資源管理國際會議｣於西元 2016 年 5 月 25 日至

27 日於日本東京 NARITA TOBU HOTEL AIRPORT 舉行。  

圖一、第 18 屆環境和水資源管理國際會議舉辦地點 - 

NARITA TOBU HOTEL AIRPORT 
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圖二、第 18 屆環境和水資源管理國際會議舉辦地點 - 

NARITA TOBU HOTEL AIRPORT 

圖三、第 18 屆環境和水資源管理國際會議舉辦地點 - 

NARITA TOBU HOTEL AIRPORT 

 



 

4 

 

本次會議包括 17 場分組論文發表平行會議，每組約 12~18 篇，共

278 篇（口頭發表 163 篇及電子海報發表 115 篇）。會議主軸為環境和水

資源議題，會議論文分為 17 項主題，包括水資源永續利用、廢水處理、

生物科技、食品營養科學、能源電力工程、化學分子工程、人類社會科

學…等（會議論文資料詳如附錄一）。共有來自世界 20 餘國約 300 人與

會，我國除本署派 2 人代表參加外，亦有國內大專院校教授、研究生及

行政院原子能委員會核能研究所研究員參與會議。  

圖四、本署代表參加第 18 屆環境和水資源管理國際會議  

（圖中包含國內大專院校教授及原子能委員會核能研究所研究員）  
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肆、  會議參與情形摘述  

一、  本次會議主題與專討論文  

本次會議專題研討分為水資源永續利用、廢水處理、生物科技、食

品營養科學、能源電力工程、化學分子工程、人類社會科學等。分組論

文皆以平行會議方式進行，故須取捨參與聆聽的演講，本署代表針對水

資源利用及環境影響評估之議題等論文探討，以下就各國針對相關議題

探討之摘要如下：  

（一）  發展中國家環境影響評估之挑戰：以泰國為例，泰國之環境影響

評估在西元 1970 年已開始施行，目前僅有 7 大類別開發行為須實

施環境影響評估，而統計 2011 年至 2015 年共有 2418 件開發計畫

通過環評（平均每年 466~596 件），惟能源、交通、石化工業及水

資源開發計畫通過環評的比率卻逐漸下滑，對於發展中國家經濟

發展影響甚大，另報告中分析造成通過環評比率下降因素，包括

專家委員會個人因素、居民反對、利益關係人反對…等，另外私

人開發計畫與政府部門開發計畫環評程序不同，例如地方政府部

門環評開發案件通過後，需再送至泰國政府內閣會議決議，各種

原因造成開發案件之環評成效不彰，間接影響到該國家經濟發

展，故報告中說明該國家環評制度上仍有一些制度設計需再檢討

改善。（詳附錄一第 32 頁）。  

（二）  斯里蘭卡乾旱地區之水平衡，斯里蘭卡為一典型熱帶型氣候，以

氣候條件可將該國區分為 3 大區域（乾旱區、潮溼區、介於兩者

中間），在乾旱區缺水情形明顯相較過去更為嚴重，甚至導致嚴重

缺水危機，故作者研究該國乾旱地區 (Maravanpulo Jaffna)之水平
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衡，以用水與供水之關係、供水與需水之關係、居民實際用水與

居民可以獲取水源之關係來分析，因該乾旱區用水來源主要為地

下水（挖井），作者選該乾旱區之 3 個不同地區做為研究該區域水

平衡狀況，透過水平衡（自然進流、排放、人為用水…）計算，

以更精準掌握該區域用水平衡，計算該區供水與用水是否充足，

可提供相關單位做為用水開發政策之參考。（詳附錄一第 69 頁）。 

（三）  泰國 Royal LERD 都市污水處理廠，將處理後廢水，經自然處理

設計（濕地、氧化塘、草地過濾）系統後，將處理後的廢水排入

海灣的濕地（泥地），本身透過自然處理設計可以節省能源及設備

維護成本，此外，廢水經過自然處理後，排入海灣的濕地，當作

浮游植物之營養鹽，作者在濕地監測分析土壤底泥、海水水質之

重金屬濃度，低於法規規範值，另外分析該濕地文蛤，發現文蛤

腸胃道存在 70.46%浮游植物（某特定物種），後續探究處理後廢水

排入濕地，可以增加浮游植物所需之營養鹽，進而增加文蛤豐富

度，作者藉由本研究說明利用自然工法設計處理廢水，除達到法

規標準外，亦可較節省能源，另將處理後廢水排入濕地，也增加

海域沿岸生態豐富度，因此，如果妥善處理廢水與再利用，對於

海域生態維護也有正面價值。（詳附錄一第 36 頁）。  
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圖五、第 18 屆環境和水資源管理國際會議研討情形  

 

 

   圖六、第 18 屆環境和水資源管理國際會議研討情形
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圖七、第 18 屆環境和水資源管理國際會議研討情形  

 

圖八、第 18 屆環境和水資源管理國際會議研討情形  
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二、  本署發表內容  

本次會議除瞭解國際水資源再利用之趨勢外，另外亦分享我國致力

於落實環評監督，使水資源永續再利用之成果，本署代表以展示電子海

報，分享主題為「臺灣環境影響評估制度對於珍惜水資源之貢獻」，主要

展示本署 104 年度執行全國科學工業園區「環評開發案廢水及用水回收

率查核專案計畫」之查核目的及成果，內容如下：  

(一 )  Introduction –臺灣水資源不足是亟待解決的問題，然對於要求水

回收及再生利用方面，卻缺乏有效並強制之法規，且固然部分法

規強調用水回收率的要求，卻無具體查核執行成效的方式，實無

法有效達到管制目的，為突破此一困境，本計畫尋找適合之執法

工具，並精進查核作為及創建查核制度，為珍貴水資源之永續發

展盡一份心力。  

(二 )  Methodologies –臺灣的環評制度 (EIA)於 1994 年建立。EIA 的目

的是為了避免及減輕開發行為對環境造成之不良影響，以落實環

境保護的目的。透過環評審查，可考量個案特性不同，要求企業

一定比率之用水回收標準，以推動污水源頭減量兼收節水效益。

為了查核企業針對廢水及用水回收率環評承諾的執行情形，以有

效掌握其水資源回收比率及再利用狀況，檢視這項對環境友善措

施之執行成效，本計畫邀請相關領域之專家學者講解水回收再利

用相關課程，加強執法人員查核知能，並撰寫查核參考手冊，及

邀請專家學者及相關機關召開研商會議完備手冊內容，做為執行

查核之依據。  

(三 )  Major findings –本計畫查核科技部 3 個科學工業園區共計 65 家
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每日用水量達 1,000 噸之高科技廠，回收水量成效顯著，每年回

收總量近 4 億噸，足可供全臺灣民眾用水 2.5 個月，另將回收總

量換算成可供 4 種用水標的使用之量化數據，可製作 7 千 1 百億

瓶 600 毫升可樂、供 17 萬座 2,500 噸之國際標準游泳池使用、灌

溉 4 萬公頃稻田及相當於 1.7 座翡翠水庫蓄水量。  

(四 )  Conclusions -量化結果在在顯示用水回收環評承諾對於珍惜水資

源之重要性，亦顯示出環評制度對於環境保護之價值。於經濟開

發的同時，我們亦需追求環保及經濟並進的永續發展，此為現今

人類社會的主流趨勢。環評制度為追求環境永續性的手段之一，

環評法令的規範要求，將對環境的傷害性減至最少，以追求水資

源的永續發展。  

本署代表於會議中說明查核結果顯示 3 個科學工業園區執行本項環

境友善措施之執行成效高於環評承諾最低標準，其為達環評承諾之規

定，持續推行之用水回收制度，已有相當顯著之成效，不僅可符合法規

規定，亦可減輕開發行為對環境造成的影響，顯見落實環評承諾對於珍

惜水資源是相當具有成效的制度，對水資源永續發展確有正面效益。現

場係以口頭說明方式簡報成果約 5 分鐘，當日參與情形熱烈，參與者對

於我國致力於取得經濟發展與環境保護平衡之努力表示贊同與肯定，其

中一位參與者 R.kandiah（來自斯里蘭卡）亦表示對於環評制度亦感興

趣，另有兩位參與者提問關於回收率計算公式如何訂定、如何查核、計

畫執行期間、人力及成本等問題，本署則將本計畫如何自行研究訂定合

宜之查核點、引用參數、計算公式及查核方式，做為執行查核依據之歷

程，一一回覆說明。  
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圖九、電子海報發表情形  

 

 

 

 

 

 

 

 

 

 

圖十、電子海報發表參與者提問情形
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圖十一、電子海報發表參與者提問情形  
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伍、心得及建議  

(一 )  本次會議主軸主要聚焦在環境與水資源議題，藉由各國研究者關

心的領域、環境問題解決方案及環境管理分析，可瞭解世界各國

趨勢與發展。就目前趨勢來觀察，在全球水資源有限現況下，如

何有效整合資源管理、發展綠色經濟、發展永續生態環境等之政

策方針，並建立民眾的環境友好習慣，為目前應積極發展之方向。 

(二 )  聯合國於西元 2015 年 3 月 20 日發布年度報告警告，如果世界各

國再不採取任何措施，世界將陷入水資源危機，而首當其衝的自

然是本身就已經遭遇乾旱問題困擾的國家，由於世界各國都有嚴

重浪費水資源的現象，如果照此趨勢下去，到西元 2030 年全球

可用的淡水資源將減少 40%。臺灣年平均降雨量達 2,510 毫米，

高於世界平均值，惟降雨分布不均，多集中於五月至十月，因此

可資利用之降雨量不多，加上地形之起伏變化大，集水區地勢陡

峭不易涵蓄水份，而河川源短流急，雨量豐沛時河川流量暴增，

在短時間內即奔流入海，水資源不易蓄存利用，且近年來臺灣地

區經濟蓬勃發展，工商業發展迅速，工業用水逐年成長，其所排

廢水甚而造成水質污染問題，已降低水資源之供應量，再者，國

內水價水準偏低，亦導致企業在投資時因為低水價而不一定選擇

用水最省的生產技術及投資用水回收設備，因而造成重複耗水的

循環，因此，在先天自然環境條件上已然不足，加以在人為影響

下，水資源之調配運用更是雪上加霜，臺灣已被聯合國教科文組

織列為全球第 18 缺水國家的事實，已是全民必須正視之問題，

亦需大家共同努力，為臺灣的水資源永續發展共盡一份心力。  
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(三 )  綜觀各國因全球氣候變遷的影響，除節省寶貴的水資源外，已開

始拓展並推廣其他水源，臺灣水資源面臨先天自然環境水資源匱

乏、用水回收再利用法源不足及用水回收率查核方式不明等三大

問題，而陷入缺水危機困境，為突破此一困境，本署尋覓適合之

執法工具，期望藉由環評審查，考量個案特性不同，要求企業一

定比率之用水回收標準，以推動污水源頭減量兼收節水效益。本

署於 104 年度執行全國科學工業園區「環評開發案廢水及用水回

收率查核專案計畫」之查核成果，顯示用水回收環評承諾對於珍

惜水資源之重要性，亦顯示出環評制度對於環境保護之價值。於

經濟開發的同時，我們亦需追求環保及經濟並進的永續發展，此

為現今人類社會的主流趨勢。環評制度為追求環境永續性的手段

之一，環評法令的規範要求，將對環境的傷害性減至最少，以追

求水資源的永續發展。  

(四 )  本署 104 年 7 月 3 日已修正發布「環境影響評估法施行細則」，

除建立更廣泛與開放的公民參與程序，亦加強公眾與目的事業主

管機關之對話，強化目的事業主管機關扮演之角色  ，對於環評

審查與環評監督業務具有正面的助益。本署精進查核作為，期藉

由革新執法作為，從水資源不足的這片臺灣旱地裡守護藍精，以

改善臺灣水資源環境，未來將進一步分析並歸納查核成果，以提

出 建 議供 未 來 環 評 審 查 階段 針 對 用 水 回 收 環評 承 諾 決 議 之參

考，將執行環評監督所獲得之成果及經驗回饋至環評審查端，冀

對於我國環評制度之發展亦能有所助益。  
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Abstract—The research focused on the efficiency for treating

high organic wastewater from pla-som production process by anaerobic

tanks, oxidation ponds and constructed wetland treatment systems

(APCW). The combined system consisted of 50-mm plastic screen,

five 5.8 m3 oil-grease trap tanks (2-day hydraulic retention time;

HRT), four 4.3 m3 anaerobic tanks (1-day HRT), 16.7 m3 oxidation

pond no.1 (7-day HRT), 12.0 m3 oxidation pond no.2 (3-day HRT),

and 8.2 m3 constructed wetland plot (1-day HRT). After washing

fresh raw fishes, they were sliced in small pieces and were converted

into ground fish meat by blender machine. The fish meat was rinsed

for 8 rounds: 1, 2, 3, 5, 6 and 7 by tap water and 4 and 8 by rice-

wash-water, before mixing with salt, garlic, steamed rice and

monosodium glutamate, followed by plastic wrapping for 72-hour of

edibility. During pla-som production processing, the rinsed wastewater

about 5 m3/day was fed to the treatment systems and fully stagnating

storage in its components. The result found that, 1) percentage of

treatment efficiency for BOD, COD, TDS and SS were 93, 95, 32 and

98 respectively, 2) the treatment was conducted with 500-kg raw

fishes along with full equipment of high organic wastewater treatment

systems, 3) the trend of the treatment efficiency and quantity in all

indicators was similarly processed and 4) the small pieces of fish

meat and fish blood were needed more than 3-day HRT in anaerobic

digestion process.

Keywords—Organic substance, Pla-Som family industry, wastewater,

APCW System.

I. INTRODUCTION

WAN Phayao is one of three natural lakes in the north of

Thailand which is important reservoir to provide

resources for local consumption and serve livelihood. Moreover,

another function is irrigation for support paddy rice growing in

downstream areas and be water resources for waterworks.

Nowadays, the water problem was shined on quantity, quality,

and timing due to siltation, wastewater from community,

unbalancing of aquatic plants to herbivore fish growth rate and

invasion of water hyacinth, which make a long cut in using

Kwan Phayao benefits, polluted reservoir, low fish productive

resources and low water quality for waterworks.

Pla-som or traditional fermented fish product is the local

preserved and protein food which have been cooked for very
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7920; fax: +662-576-2116; e-mail: Watcharapong.WKU@gmail.com).
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onanong8649@gmail.com).
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long period of time owning to natural abundance of scale

fishes living in Kwan Phayao lake. According to delicious

food, the production was begun from family consumption and

gradually spread to another northern province, finally to all

parts of the country [1]. Unfortunately, the producers did not

know the consequent problems of high protein contaminant in

wastewater for pla-som producing process [2] which drained

directly to Kwan Phayao lake. Although, some producers tried

to treat wastewater from producing process, but they do not

know how to treat it, so water resources increasingly turning

to worsening quality. Noticeably, water quality of Kwan

Phayao lake has been identified as water surface quality

standards on third to fourth levels (BOD equivalent between

2.5-4.0 and 4.0-6.0 mg/L) after research team made primary

survey. Those results were a little far from raw water quality

requirement for waterworks but it was on border line for

survival of aquatic lives. Accordance with planning construction

of sewer systems, Phayao municipal sewerage is expectedly

drained out at downstream a few kilometers from Kwan

Phayao lake outlet (fish ladder of Fisheries Department

Station), the point sources of wastewater mainly come from

pla-som family-industrial factories which exist more than 30

factories and tendency increase without treating wastewater

care. Consequently, wastewater from pla-som production

process has to be treated before releasing into Kwan Phayao

lake in order to keep water resources clean for serving any

purposive consumption, especially aquatic lives surviving.

Pla-som, one kind of traditional fermented fish and sometime

called sour fish, has been made since in the ancient time for

preserving fishes as the protein food. In the past, pla-som used

to be necessary traditional preserved food like pla-ra, pla-jom,

pla-kem (salted fish), pla-haeng (dried fish) and even bamboo.

As take away protein food for the farmers and travelers whenever

they were away from homes for their missions [1]-[7]. Among

those preserved fish, pla-som is the most favorite protein food

due to sour taste which is accepted as good appetizer as well

as easiness in cookery. Normally, pla-som could be cooked by

mixing raw slice-off fishes (scale fishes preferable) with

garlic, salt, steamed rice, and a pinch of seasoning powder

along with fresh banana leaf for 4 days [8]-[12]. In doing so,

there was a small number of fish scarps, solid waste and

wastewater (for washing raw fishes) in which they did not

evidently pollute to the environment due to only home-made

production, low-populated density, and biotic potential

surroundings at that period. However, the pla-som production

process could be encouraged to increase all kinds of pollutants

in spreading in the environment, especially wastewater. In the

same manners, lakefront people around have modified pla-
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som cookery instead of slice-fish to small piece together with

rinsing by water of washing rice for adding up sour taste

before grinding fine-textured fishes by manual. Certainly,

wastewater plus the contaminants of fish scarps, blood, and

fats are produced during the production processes which are

surely composed of high nitrogen from protein in fish meat,

phosphorus and iron as same as another elements from blood,

and oil and grease from fats [13]-[15].

In principle, the high concentrated community wastewater

is usually treated by anaerobic processes in order to decrease

the organic matters, especially high content of nitrogen and

phosphorus, down to standard values before releasing into

public water sources and the length of hydraulic retention time

(HRT equivalent to volume anaerobic tank divided by influent

flowrate) plays vital role in treatment [16]-[21]. In other words,

longer HRT is high treatment efficiency [16], [22]-[24]. If the

concentration of contaminants is not decrease in effluent

standards, the oxidation pond technology should be used for

effluent retreating in order to allow hydrogen sulfide, ammonia,

methane, carbon dioxide, and others moving up to sky, while

sinking oxygen in above air can penetrated into bottom by

photosynthesis and thermo-siphon processes [16], [25]-[29],

together with growing water hyacinth in bamboo-frame raft

for 20% of oxidation pond surface [30]-[31]. If the retreated

effluent quality is still over standards but BOD has to be less

300 mg/L, the constructed wetland (either one or both vertical

and horizontal flow) is recommended to absorb nitrogen and

phosphorus for decreasing down to standards before drain into

public streams [32]-[37]. Accordance with research in action

is requirement to eliminate contaminants in high concentration

of fresh organic matters both the solid and liquid states through

anaerobic digestion processes which are expected consuming

more HRT period. So, it has to bear in mind in all-time HRT

that anaerobic processes are characterized by completing

three-consecutive biochemical reactions: firstly, hydrolysis as

the process of bacterial enzymes breaking and dissolving

complex organic compounds (particularly glucose and amino

acid) into simple compounds; secondly, acidogenesis as the

process of bacterial converting simple compounds into substrates

for methanogenesis, and also acetate, formate, hydrogen,

carbon dioxide, hydrogen sulfide, ammonia and organic acids;

and finally, methanogenesis as the process of bacterial

converting methanogenic substrates into methane, carbon

dioxide, and water under sensitive action to pH less than 6.5

and high pH more than 8 [4], [13], [16]-[17], [20], [24], [38].

The aforesaid information is expectedly applicable for high

concentrated wastewater treatment from pla-som production

process by using grease trap, anaerobic tanks, oxidation ponds

and constructed wetland before using aqua-culturing herbivore

fish pond and growing edible-leaf and fruit vegetables. This

experimental research expected not only to find out effectively

anaerobic technology system in treating high organic concentrated

wastewater in cases of 500-kg pla-som production processes

but also use this research knowledge to construct the handbook

for high-organic-content wastewater treatment and use to train

the owners of pla-som production factory to know how to treat

wastewater in order to improve water quality of Kwan Phayao

lake and surviving aquatic lives.

II.MATERIALS AND METHODS

The experimental system was comprised of one 50-cm

plastic screen, five 1.2-m ferro-concrete-circle tanks in using

for five oil-grease trap tanks and four anaerobic tanks, 16.7-m
3

first oxidation pond, 12m
3

second oxidation pond, and 8.2-m
3

plant filtration plot, as shown in Fig. 1. An application program

was illustrated in Fig. 2 which started up with wastewater

obtaining from rinsing water of carp fishes (Hypophthalmichthys

nobilis) before and after slicing to separate fish meat plus skin

and by-products (heads, intestines, fishbone, skeletons, and

scales). Then after, the sliced fish meat and skin were ground

into fine texture by blender in which the fish meat was required

to rinse for 8 rounds: rounds1, 2, 3 and 5, 6, 7 washing by tap

water, and specifically rounds 4 and 8 washing by rice-wash

water. In experimental point of views, the 100-kg fish meat

need 5.2-kg garlic, 4.4-kg salt, 1.7-kg steamed rice and 1.6-kg

monosodium glutamate. The ingredients were mixed together

before wrapping by plastic bag or fresh banana leaf, and sending

to wholesaler for selling on cash. For by-product benefits, fish

head was sold out for delicious boil rice cooking, intestines

directly using for raising ducks, while fishbones, skeletons,

and scales were ground to make tablet food for raising catfishes.

For focusing on this research paper, it must be paid more

attention on finding out HRT period for treating on high

concentrated-content wastewater from pla-som production

process which presented in Figure 1 and 2 in terms of production

processes from starting up until to water body of Kwan

Phayao lake.
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Fig. 1 Schematic illustration of onsite treatment system for high concentrated wastewater from pla-som production factory

at Kwan Phayao lake, Phayao province, Thailand

Fig. 2 Flow chart of onsite treatment system for high concentrated wastewater from pla-som production factory at Kwan Phayao lake

in northerly of Thailand
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Following APHA, AWWA, WEF [39], water samples were

taken at outlets of production process, screen, before and after

oil and grease traps, outflow from anaerobic ferro-concrete

circular tanks, 30-cm and 0.8-h depths of oxidation ponds no.1

and 2, constructed wetland at top, middle, tip, and outlet.

Water samples were analyzed on the water quality indicators

of temperature, pH, DO, EC, salinity, TDS, SS, BOD, COD,

TOC, FOG, TKN, NH3, TP, and PO4
3-

.

Owning to find out the hydraulic retention time (HRT), the

experiment was divided into phase by phase until the final

effluent as drained out from the treatment system met the

standard values under the various adding conditions of

anaerobic organic digestion process. In doing so, there may be

taken in more time because of high concentrated wastewater

from pla-som production process which found from primary

analysis, especially BOD at higher than 10,000 mg/L.

III. RESULTS AND DISCUSSION

Since the determining HRT of anaerobic digestion processing

system for high concentrated wastewater was specified before

conducting on experiments in order to obtain the end products

of effluent water quality indicators under standards. The

details as presented in the following sections.

An application of 14-day HRT efficiency was utilized only

nine-ferro-concrete circle tanks, five for oil and grease trap

tanks and another four anaerobic tanks (Fig.1). In principles,

the water supply is utilized for three main rinsing activities i.e.

cleaning fresh fishes (averaging 60 L/100-kg fishes), washing

off fish meat (averaging 800 L/100-kg fishes), cleaning floor

and instruments (averaging 140 L/100-kg fishes). According

to research requirement to determine the HRT for anaerobic

organic digestion processes inside anaerobic tanks under

stagnating condition, the amount of 5 m
3
/day was used for

washing fresh fishes (totally 500 kg) and fish meat which

drained out by gravitational force to fill in full storage 47 m
3

for five oil and grease trap tanks 5.8 m
3

(2-day HRT) before

storing in four anaerobic tanks 4.3 m
3

(1-day HRT) then

moving to oxidation pond one 16.7 m
3

(7-day HRT) oxidation

pond two 12.0 m
3

(3-day HRT), and constructed wetland 8.2

m
3

(1-day HRT), and in accumulative 14-day HRT as shown

in Fig. 1, and the full scheme of processing production system

as presented in Fig. 2.It was visualized by eyes during

researching in action that the production process produced

high contents of oil-grease, fish blood and small pieces of fish

meat mixing in concentrated wastewater after taking pla-som

cookery processes from production area. However, the results

of experiment were presented in Table I which were provided

to the conditions for treating efficiency of high organic-

concentrated wastewater from pla-som production process as

shown in Table II.

TABLE I

TREATMENT-ONE WATER QUALITY AS SIGNIFICANT CONDITIONS FOR PROVIDING TREATMENT POTENTIALITY OF HIGH ORGANIC-CONCENTRATE WASTEWATER

FROM PLA-SOM PRODUCTION PROCESSES OF FAMILY-INDUSTRIAL FACTORY AT KWAN PHAYAO, PHAYAO PROVINCE, THAILAND

Sampling Point
Ambient T

(°C)

Water Quality Indicator

T (°C) pH DO (mg/L) EC (µS/cm) Sal (g/L)

Effluent of Production Process 26.0 24.3 6.3 0.00 2,760 1.3

Effluent of Screening 26.0 25.9 6.5 0.00 3,730 1.0

Influent of Oil and Grease Trap Tanks 26.0 26.4 6.6 0.00 3,650 1.1

Effluent of Oil and Grease Trap Tanks 25.3 27.8 6.2 0.06 2,433 1.2

Effluent of Anaerobic Tanks 24.7 28.3 6.4 0.06 2,650 1.4

30- cm Depth  of Oxidation Pond 1 23.9 28.9 6.5 0.10 3,093 1.6

0.8 h  Depth of Oxidation Pond 1 23.9 26.4 6.6 0.11 3,053 1.6

30- cm Depth  of Oxidation Pond 2 23.8 26.6 7.1 0.07 2,733 1.4

0.8 h  Depth of Oxidation Pond 1 23.8 26.1 7.2 0.05 2,790 1.4

Constructed Wetland) Top,1-m( 23.8 26.1 7.5 0.00 2,423 1.2

Constructed Wetland )middle,3-m( 23.8 26.4 7.5 0.00 2,406 1.2

Constructed Wetland) Tip,5-m( 23.8 26.6 7.5 0.00 2,108 1.1

Effluent of Constructed Wetland 23.8 27.3 7.3 0.06 2,193 1.1

Water Quality Standard - 40.0 5.5-9.0 - - -

Remarks: Measurement of ambient air temperature at 07.00 am. T = Temperature, DO = Dissolved Oxygen, EC = Electrical Conductivity, Sal = Salinity

It is quite clear that the ambient temperature were placed on

the narrow ranges of 2.2 °C (between 23.8-26.0 °C) which is

supposed to biochemical reaction influence of both the

anaerobic and aerobic processes inside the fermented tanks

and oxidation ponds as same as the growth of Typha aquatic

plants (typha angustifolia Linn.) as grown in the constructed

wetland. Salinity which ranged 1.0-1.6 µS/cm seemed to take

an action on biochemical processes by inhibiting microorganisms

for digesting small pieced of fish meat in terms of slowing

down the process and taking more HRT periods. Expectedly,

there were some gases emitting to the open area due to mostly

digestion was not reach at the end of biochemical processes

(methanogenesis) but it could be on hydrolysis and acidogenesis

processes [10], [13], [16], [22], [29], [38]. Furthermore, the

values water quality indicators in Table I were influenced in

minor negative biochemical interactions, they were temperature,

pH, EC, and DO in all instruments of treatment system [2]-[3],

[5], [9]-[10], [14]-[18], [20], [38], [40]-[41]. In other words,

the water quality indicators in Table I could be pointed out

that they were in minor impacts on treatment efficiency due to
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dilution of water supply as used for washing fresh fishes, fish

meat, and cleaning floor and instrument. Besides salt as one of

the ingredient of pla-som cookery, it also was added garlic for

serving the purpose of smell, taste, and physical healthcare but

it plays vital role in inhibiting bacterial decomposers as found

in wastewater from pla-som production process [6], [10]-[12].

Luckily, washing water was supported the dilution of garlic

content in wastewater that should not strong enough to kill all

species of microorganisms.

TABLE II

WATER QUALITY OF TREATMENT ONE IN QUALITATIVE VALUES AND TREATMENT EFFICIENCY IN PERCENTAGE UNDER THE CONDITION OF CONSECUTIVELY

FLOWING FROM PLA-SOM PRODUCTION AREA TO THE 50-MM PLASTIC SCREEN, 5 OIL AND GREASE TRAP THANKS, 4 ANAEROBIC TANKS, OXIDATION PONDS1
AND 2, AND CONSTRUCTED WETLAND

Sampling Point
Water Quality Indicator (mg/L)

TDS SS BOD COD TOC FOG TKN NH3 TP PO4
3-

Effluent of Production Process
2,208

-

11,963

-

10,633

-

20,200

-

2,874

-

1,878

-

274

-

286

-

22

-

19

-

Effluent of Screening
2,984

(-34)

10,706

(11)

9,633

(9)

19,850

(2)

1,654

(42)

1,566

(17)

528

(-93)

270

(6)

24

(-10)

27

(-44)

Influent of Oil and Grease Trap
Tanks

2,920
(-32)

2,396
(80)

3,710
(65)

6,720
(67)

930
(68)

336
(82)

235
(14)

256
(10)

15
(31)

66
(-245)

Effluent of Oil and Grease Trap

Tanks

1,629

(26)

253

(98)

1,518

(86)

2,158

(89)

513

(82)

32

(98)

226

(18)

265

(7)

31

(-42)

61

(-223)

Effluent of Anaerobic Tanks
1,783

(19)

247

(98)

1,289

(88)

1,403

(93)

612

(79)

29

(98)

215

(22)

243

(15)

30

(-38)

121

(-538)

30- cm Depth  of Oxidation Pond 1
2,070

(6)
122
(99)

1,216
(89)

1,828
(91)

855
(70)

16
(99)

261
(5)

209
(27)

24
(-8)

23
(-23)

0.8 h  Depth of Oxidation Pond 1
2,046

(7)

101

(99)

980

(91)

1,905

(91)

856

(70)

14

(99)

259

(5)

197

(31)

33

(-49)

23

(-23)

30- cm Depth  of Oxidation Pond 2
1,845

(16)

120

(99)

897

(92)

1,435

(93)

733

(74)

9

(100)

231

(16)

183

(36)

23

(-4)

21

(-12)

0.8 h Depth of Oxidation Pond 1
1,835
(17)

231
(98)

965
(91)

1,602
(92)

741
(74)

11
(99)

243
(11)

162
(43)

48
(-120)

86
(-351)

Constructed Wetland) Top,1-m(
1,614

(27)

264

(98)

764

(93)

1,150

(94)

607

(79)

3

(100)

188

(31)

145

(49)

27

(-22)

101

(-432)

Constructed Wetland )middle,3-m(
1,629

(26)

144

(99)

970

(91)

1,167

(94)

600

(79)

4

(100)

183

(33)

168

(41)

18

(17)

97

(-410)

Constructed Wetland) Tip,5-m(
1,432

(35)

152

(99)

765

(93)

951

(95)

401

(86)

3

(100)

131

(52)

158

(45)

23

(-5)

64

(-236)

Effluent of Constructed Wetland
1,499
(32)

256
(98)

780
(93)

1,097
(95)

547
(81)

2
(100)

157
(53)

98
(66)

11
(50)

87
(-357)

Water Quality Standard 3,000 50 20 120 - 5 100 - - -

Remarks: Numbers in parenthesis identified as percentage of treatment efficiency. TDS = Total Dissolved Solids, SS = Suspended Solids, BOD = Biological

Oxygen Demand, COD = Chemical Oxygen Demand, TOC = Total Organic Carbon, FOG = Fat, Oil and Grease, TKN = Total Kjeldahl Nitrogen, NH3 =

Ammonia, TP = Total Phosphorus, PO4
3- = Ortho Phosphate

The original wastewater was directly obtained from the pla-

som production processes inside the factory as shown in Table

II. They were found as follows, TDS 2,208 mg/L, SS 11,963

mg/L, BOD 10,633 mg/L, COD 20,200 mg/L, TOC 2,874

mg/L, FOG 1,878 mg/L, TKN 274 mg/L, NH3 286 mg/L, TP

22 mg/L, and PO4
3-

19 mg/L. Those values could be accepted

in extremely high concentration and so difficulty to treat them

by nature process but they were really needed not only

anaerobic digestion processing tanks but also oxidation ponds

aerobic process through thermo-siphon process and

phytoremediation techniques through thermo-osmosis process

[3], [26]-[28], [32]-[37], [42].

The study on consecutive decreasing and increasing as

indicated by water quality in Table II found that the end

products were extremely decrease but they were still out of

standard values. Also, an unpleasant smells of gases emitted

from wastewater treatment system that felt annoyed to

surrounded people in working and sleeping. In fact, the most

important role in the whole anaerobic treatment system was

placed on the efficiency of anaerobic ferro-concrete circle

tanks due to the existence of its function. By those reasons,

reconsideration of treatment trends at the anaerobic outlet was

pointed out that the decreasing values were high efficiency

such as 19% for TDS, 98% for SS, 88% for BOD, 93% for

COD, 79% for TOC, 98% for FOG, 22% for TKN, 15% for

NH3, -38% for TP, and -538% for PO4
3-

as shown in parenthesis of

Table II. It would be stressed that the percentages were

satisfied efficiency but the amount of water quality values

were found still very high above the standards. It should be

noted that nitrogen content varied in various forms as same as

happening on total-P and phosphate due to quantitative blood

in wastewater and also the area of onsite wastewater treatment

being used for raising ducks and hens for long time. Such soil

contaminants and existing blood as well as other organic

matters could provide the variation of nitrogen, total-P and

phosphate forms one way or another. However, the results

were satisfied with treatment efficiency but the quantitative

values were not accepted because they did not meet the

standards of effluent quality.

The research observed more water existence in pla-som

wastewater contaminating with small pieces of fish meat. It

did not enhance an increasing digestion rate, because very

small pieces of fish meat and oil-grease were still needed

longer HRT for completion of bacterial organic digestion
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process [4], [10], [13], [18]-[20], [22], [23], [30], [38].

Eventually, treatment cannot treat lower concentrated-organic

contaminants both small pieces of fish meat and fish blood in

pla-som production process wastewater by using raw fishes

500 kg along with 2-day HRT in oil-grease trap tanks and 1-

day HRT in anaerobic tanks as well as 7-day HRT in oxidation

pond first, 3-day HRT in oxidation pond second, and 1-day

HRT in Typha constructed wetland. In principles, small pieces

of fish meat and blood are required to convert them from

organic matters to inorganic materials through anaerobic

process rather than aerobic processes. So, only 3-day HRT (2-

day HRT in oil-grease trap tanks and 1-day HRT in anaerobic

tanks) were implemented for converting the small pieces of

fish meat and fish blood into inorganic materials but it could

not decrease wastewater quality to meet the effluent water

quality standards after draining out from Typha aquatic plant

constructed wetland. In order to applicability for high concentrated-

organic contaminants, treatment-next experiment is recommended

to conduct by increasing HRT period for anaerobic process,

for implementing, the oxidation pond one should be covered

for anaerobic process which provides another 7-day HRT for

digesting small pieces of fish meat and oil-grease contaminants

without any doubts.

IV. CONCLUSION

High concentrated organic content in wastewater from pla-

som family industrial factory was treated under the combination

of anaerobic process, oxidation ponds, and constructed

wetland by dividing the experiment, the results as followed:

1. The 500-kg raw fish usage for pla-som cookery produced

wastewater with the contaminants of TDS 2,208 mg/L, SS

11,963 mg/L, BOD 10,633 mg/L, COD 20,200 mg/L,

TOC 2,874 mg/L, FOG 1,878 mg/L, TKN 274 mg/L, NH3

286 mg/L, TP 22 mg/L, and PO4
3-

19 mg/L. After treating

with 2-day HRT for 5 oil-grease trap tanks, 1-day HRT

for 4 anaerobic tanks, 7-day HRT for oxidation pond one,

and 3-day HRT for oxidation pond two and 1-day HRT

for constructed wetland, the treating efficiencies were

32% for TDS, 98% for SS, 93% for BOD, 95% for COD,

81% for TOC, 100% for FOG, 53% for TKN, 66% for

NH3, 50% for TP, and -357% for PO4
3-

.

2. The findings were satisfied in terms of efficiencies but the

experimental values of effluent quality did not meet the

standards.

3. Accordance with small pieces of fish meat and fish blood

were really needed an organic digestion processes in

anaerobic tanks. Dilution of wastewater did not enhance

rate of organic digestion process either in anaerobic tanks

or in oxidation ponds. Only prolonging 7-day HRT to 10-

day HRT is very necessary for converting small pieces of

fishes and blood into inorganic materials for high concentrated

wastewater from pla-som production process.
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Abstract—Problems of food security and the preservation of 
reserved zones in the region of Central Asia under the conditions of 
the climate change induced by the placement and construction of 
large reservoirs are considered. The criteria for the optimum 
placement and construction of reservoirs that entail the minimum 
impact on the environment are established. The need for the 
accounting of climatic parameters is shown by the calculation of the 
water quantity required for the irrigation of agricultural lands 
 

Keywords—Reservoir, Central Asia, food, reserved zones, 
adaptation, agriculture.  

I. INTRODUCTION 

HE problem of food safety is important for all countries 
and at all times. Maintaining food safety is necessary not 

only from economic but also from social and political 
perspectives. A state that does not provide food independence 
cannot feel safe in the modern world. The modern situation 
has aggravated the problem of food safety, which is 
characterized by inconsistent processes in the global economy. 
On the one hand, food consumption is increasing in 
developing countries, and on the other hand, an economic and 
financial crisis has caused a slump in both food production 
and peoples' incomes in these countries [1]. 

Among the crises that the world has faced, climate change 
poses the most serious threat for all natural-economic systems, 
including water and land resources. Increased air temperatures 
and reduced precipitation combine to exacerbate the dryness 
of the climate. Most of Central Asia experiences arid 
environmental conditions, in which poor deposits, excessively 
low humidity, a high intensity of evaporation and excess solar 
radiation are characteristic. The sharp growth of the 
population, which has exceeded worldwide rates, has led to 
serious concern in the countries of Central Asia. Population 
growth has caused processes of economic intensification that 
have led to an increased pressure on water and land resources 
[2].  

The food products manufactured in Tajikistan face many 
serious difficulties caused mainly by the growth of the 
population, the country's mountainous topography, and the 
limited farmlands available for grain crops and livestock 
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because of steep slopes and unproductive microclimates. The 
average mean arable land per person of 0.14 ha is low 
compared with the global average of 0.26 ha/person. The 
degradation of the land, which has occurred as a result of the 
breaking of traditional norms of land tenure, such as the 
cutting down of woods and degradation of pastures, together 
with other processes, such as soil erosion, torrential rain 
events, flooding, soil salinization and desertification, have 
promoted an annual reduction of the volume of foodstuffs 
produced [3], [4]. 

One way to achieve minimum food safety in the vulnerable 
countries of the region is the development of new lands and 
the escalation of the production of agricultural products. In 
Tajikistan, for example, 800 Th. ha of suitable land is 
available for irrigation. An elementary analysis shows that 
approximately 0.2 ha/per of land is necessary for Tajikistan (in 
2015, this number will result in between 650 and 850 Th. ha) 
to achieve an average regional indicator of the specific area of 
irrigation per capita. However, for this purpose, it is necessary 
to place in operation 10 Th. ha of newly irrigated land 
annually, and the possibility of such an expansion of the 
irrigated lands in Tajikistan is unlikely [5]. Nevertheless, 
another economically more favorable and ecologically useful 
solution to the given problem is an increase in the efficiency 
of the irrigated lands and water use. Increasing the efficiency 
of water use is a two-fold problem that entails both increased 
soil fertility and productivity and decreased water use. Thus, 
increasing the efficiency of water use is a complex problem in 
Tajikistan [6]. 

II. ECOLOGICAL & IRRIGATION AND ENERGETIC CRITERIA FOR 

RESERVOIR CONSTRUCTION 

The use of hydropower in agriculture is one of the key basic 
branches of the economy of the Republic of Tajikistan, which 
possesses major stocks of hydroelectric power. The total 
annual potential resources from water-power engineering 
projects amount to 527 Bln. kWt·h, of which only 
approximately 5% has been realized to date [7]. The existence 
of this large potential supply of power has led to plans for the 
construction of a number of hydroelectric power stations, 
accompanied by reservoirs, in the near future. These plans are 
reflected in the development strategy of the energy branch of 
the Republic of Tajikistan Government. Hence, when planning 
agricultural development in areas adjoining water reservoirs, it 
is necessary to consider that water reservoirs influence 
localized thermal and radiative balances that in turn alter the 
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climatic characteristics over the reservoir and its adjoining 
lands. The meteorological conditions affected by the water 
reservoir will, in most cases, be transformed into a coastal 
zone, including an area several hundred meters around the 
reservoir, outside of which the intensity of the influence of the 
climatic conditions of the reservoir sharply decreases. 
However, in the dominant wind direction, the climatic 
influence of reservoirs can extend to 10 or more kilometers. 

Through impoundment and increased residency times, dams 
alter water temperatures and chemistry, which in turn 
influence the rates of biological and chemical processes. Dams 
create barriers to the upstream-downstream movement of 
nutrients and organisms, thereby affecting physical and 
biological exchange processes. They also alter the timing and 
magnitude of the downstream fluxes of water, sediment, and 
ice, which modify biogeochemical cycles and the resulting 
structure and function of aquatic and riparian habitats. As 
dams occasionally collapse, they also present a risk to the built 
environment and downstream ecology [8]. 

The physical, biogeochemical, and biological processes 
occurring within a reservoir can affect the temperature and 
chemical composition of the water leaving the system to such 
an extent that its quality upon release no longer resembles that 
of the inflows. The degree to which water quality is affected 
on a daily, seasonal and/or annual basis depends on factors 
such as the surface to volume ratio and depth of the reservoir. 
Other factors include the geology and soil geochemistry of the 
surrounding catchment, the latitude of the reservoir, the rate 
and magnitude of sedimentation, the magnitude and timing of 
incoming flows and their residency time, and the level of 
biological productivity in the reservoir [8]. 

The water of a deep reservoir in temperate climates 
typically stratifies, with a large volume of cold, oxygen-poor 
water in the hypolimnion. Analysis of temperature profiles 
from 11 large dams in the Murray Darling Basin (Australia) 
indicated differences between the surface water and bottom 
water temperatures of up to 16.7 °C [9]. If the cold bottom 
water is released to maintain river flow, it can cause adverse 
impacts on the downstream ecosystem, including fish 
populations. Under a worst-case scenario (such as when the 
reservoir is full or nearly full, the stored water is strongly 
stratified and large volumes of water are released to the 
downstream river channel via bottom-level outlets), depressed 
temperatures can be detected 250-350 km downstream [10]. 
The operators of Burrendong Dam on the Macquarie River 
(eastern Australia) are attempting to address thermal 
suppression by hanging a geotextile curtain around the 
existing outlet tower to force the selective release of surface 
water [11,12 ]. 

Studies of changes in water temperature along the length of 
the river after discharge from reservoirs show that the 
influence of large reservoirs on water temperature is 
substantial: the daily and decadal scale change in water 
temperature before and after a reservoir is constructed, can 
reach 8-12 °С. The greatest difference in average monthly 
water temperatures in the tail water of reservoirs before and 
after the construction of a reservoir occurs in November-

January, reaching 4.2-3.4 °С in the Vakhsh River. The 
warming influence of the waters discharged from large 
reservoirs lasts for 8 months and the cooling influence for four 
months (February-May). Thus, the length of the warming 
influence of large rivers is 1.74 times greater (209 km) than 
the cooling influence of the discharged waters (120 km) [13]. 

At present, to define the efficiency criteria for a hydropower 
station (HPS) with a reservoir, a method based on the analysis 
of key parameters of the HPS construction, such as the 
capacity and output of electricity by the HPS in relation to the 
area occupied for building the HPS, is widely applied. The 
relation between the capacity and electricity output is used as 
an index of the ecological-economic efficiency of the HPS per 
hectare of the land used for the construction of the HPS (Table 
I). 

 
TABLE I 

ECOLOGICAL-ECONOMIC EFFICIENCY OF THE CONSTRUCTION OF AN HPS 

WITH A RESERVOIR  

Index efficiency of HPS 
Capacity to the 
Area (MWt/ha) 

Power output to the Area 
(TWt/ha) 

Annual value for HPS 
with area of groundless 

100 Th. ha 
0. 123 0.406 

 
Based on the data presented in Table I, we estimated the 

efficiency of the existing Nurek HPS and the Rogun HPS, 
which is planned for near-future construction, both of which 
include reservoirs (Table II).  

 
TABLE II 

ESTIMATION OF THE EFFICIENCY OF THE NUREK AND ROGUN HPSS WITH 

RESERVOIRS  

Name 
P, 
102 

W, 
102 

S A M 
Index of efficiency 

P/S W/S P/A W/A 

Bratsk 4400 22.6 547.0 357.3 70.0 0.008 0.041 0.012 0.06 

Charvak 600 20.0 4.6 2.7 9.18 0.13 0.436 0.225 0.75 

Toktogul 1200 41.0 31.9 - 29.3 0.038 0.128 - - 

Nurek 2700 112 21.5 0.2 1.50 0.126 0.522 13.50 56.00

Rogun 3600 133 17.0 6.800 16.0 0.212 0.782 0.529 1.96 

P=capacity of HPS (MWt); W=power output (TWt∙h); S=area for building 
of HPS (Th.ha); A=area of wooded vegetation (Th.ha); M=migration of 
population (Th. Pers). 

 
For comparison, in Table III, the ecological-economic index 

values of the considered HPSs are compared with analogous 
indexes of other HPSs. 

 
TABLE III 

COMPARISON OF THE NUREK AND ROGUN HPS ECOLOGICAL-ECONOMIC 

INDEXES WITH THE OPTIMAL CRITERIA OF BUILDING OF HPS  
Ecological-economic index efficiency of 

HPS 
P/S (MWt/ha) W/S (TWt/ha) 

G 0.123 0.406 

Bratsk HPS 0.008 0.041 

Charvak HPS 0.130 0.436 

Toktogul HPS 0.038 0.128 

Nurek HPS 0.126 0.522 

Rogun HPS 0.212 0.782 

 

In Central Asia, with its climatic conditions, the selection of 
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an appropriate geographical location for a reservoir is a 
challenge. The estimation of the extent of the influence of 
reservoirs in arid zones on the surrounding environment is 
possible using the coefficient Ksur.env [14]:  

 

  %100. oiienvsur SSK  (1) 

 
where Ksur.env. is the coefficient of reservoir influences on the 
environment; Si is the area of the territory under the influence 
of the reservoir, km2; and Soi is the area of the basin, km2. 

Calculations of Ksur.env demonstrated that the value for the 
influence on the surrounding environment of the Kairakkum 
reservoir is 0.11, that of the Nurek reservoir is 0.144, and that 
of the Muminabad reservoir is 0.00195 (Table IV). 

 
TABLE IV 

COEFFICIENT OF INFLUENCE OF RESERVOIRS ON THE SURROUNDING 

ENVIRONMENT  

Reservoirs Kairakkum Nurek Muminabad Golovnoy 

K 0.11 0.144 0.002 0.0011 

 
Note that small, upland reservoirs have a greater influence 

on the microclimate than reservoirs in plains areas. For large 
reservoirs, an identical pattern is observed. The influence of 
the Nurek reservoir is 1.31 times greater than that of the 
Kairakkum reservoir. 

Apparently, the degree of influence of reservoirs on the 
adjoining land decreases as their size and volume decrease, 
and at the same time, the influence of the adjoining land on the 
reservoir increases. This pattern should be considered when 
planning the construction of new reservoirs in Tajikistan and 
during the planning of coastal development by the tourism 
industry seeking to create zones of rest with a greater set of 
recreation services. 

To estimate the role of a reservoir in local climate 
conditions, the expression ∆Р/σsp.dif. can be employed, where 
∆Р is an influence indicator and σsp.dif. is the mean square 
deviation of the difference in the influence of a given indicator 
between two stations located within a distance of 10-20 km 
from one another. 

When ∆Р/σsp.dif.≥1, the influences of the reservoir on the 
local meteorological conditions are essential. We use these 
criteria to estimate the role of the reservoirs as factors in the 
formation of the local meteorological conditions, the agro-
climatic parameters of the coastal zone and coasts, and the 
thermics of the rivers in downstream reaches [15]. 

Until the Nurek reservoir was filled with water that was the 
same temperature as the Vakhsh River, the water upstream of 
the Nurek HPS dam (kishlak Tutkaul) exhibited almost no 
difference in temperature from the water up to 17 km below 
the dam (kishlak Sariguzar). With the filling of the Nurek 
reservoir (1972), a drop in the water temperature in spring 
(February-May) and an increased temperature in summer, 
autumn, and winter (July-January) in comparison with natural 
conditions were observed. This finding can be partly explained 
by the fact that reservoir was not at its maximum level when 

water was discharged from its top horizon; only in 1980 did 
the reservoir reach its high surface level (HSL).  

In 1980, the influence of the Nurek reservoir on the thermal 
conditions of the Vakhsh River water began, which is traced 
most precisely to 17 km of the river downstream from the 
Nurek HPS dams up to the Sariguzar hydrological station. The 
greatest difference in the average monthly temperature of the 
water before and after the construction of the reservoir for the 
Sariguzar hydrological station (4.2°C) is observed in 
November-December. During discharge periods, this 
difference decreases to 1.2°C. The influence of small-channel 
reservoirs on the change in water temperature along the length 
of the river can traced for a considerable distance (Table V). 
Thus, the change in the annual distribution of the average 
monthly values of the water temperatures below large 
reservoirs for a specified time interval is not due to a change 
in the annual mean air temperature but, rather, is influenced by 
the discharge of water from the reservoirs. However, 
according to the data of the “Nurek” meteorological station, 
the average monthly temperature decreased after construction 
of the Nurek HPS (Fig. 1). 

 
TABLE V 

AVERAGE MONTHLY TEMPERATURES OF VAKHSH RIVER WATER BEFORE 

AND AFTER BUILDING OF THE NUREK RESERVOIR 

River- 
 Post 

Period 
Month 

I II III IV V VI VII VIII 

Vakhsh 
Tutkaul 

1946   
1967 

2.6 4.3 7.6 11.0 12.8 14.3 15.0 14.9 

Vakhsh 
Sariguzar 

1967    
1971 

2.0 4.0 8.1 11.5 13.2 14.4 15.0 14.9 

Vakhsh 
Sariguzar 

1972 
1980 

5.4 3.9 5.5 10.0 13.0 14.9 15.9 16.0 

Difference -3.4 0.1 2.6 1.5 0.2 -0.5 -0.9 -1.1 

 

 

 Fig. 1 Average monthly temperature before and after building of the 
Nurek reservoir 

III. IMPACT OF RESERVOIRS ON IRRIGATION REGIME FOR 

AGRICULTURE 

To determine the potential influences of climate change on 
agro-climatic resources, we analyzed the climatic parameters 
of three districts with developed agricultural sectors (Dangara, 
Fayzabad and Yavan) adjoining the Nurek reservoir. For this 
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purpose, data from the hydrometeorological stations (HMSs) 
located in these areas were used. Data on the temperature 
dynamics and relative humidity of air and the atmospheric 
precipitation for the years 1968-2000 were used. The 
evaporation and humidity coefficient were calculated (Table 
VI). 

 
TABLE VI 

AVERAGE MONTHLY TEMPERATURES OF VAKHSH RIVER WATER BEFORE 

AND AFTER BUILDING OF THE NUREK RESERVOIR 

Hydropost Index 
Years 

1968-1972 1995-2000 

Dangara 

T (°C) 15.3 16.4 

H (%) 57.0 56.9 

F (mm) 570.5 598.5 

I (mm) 1196.7 1438.0 

Fayzabad 

T (°C) 13.2 15.4 

H (%) 61.6 55.2 

F (mm) 709.0 675.4 

I (mm) 1013.0 1258.8 

Yavan 

T (°C) 17.2 16.9 

H (%) 47.2 50.4 

F (mm) 677.4 677.3 

I (mm) 1630.8 1567.5 

T=temperature; H=humidity; F=precipitation; I=evaporation 
 

The data presented in Table VI demonstrate that for 32 
years (1968-2000), the average annual temperature increased 
1.0-1.5 °C, which led to a 3-6% decrease in the relative 
humidity and a 10-26% increase in evaporation on an annual 
basis and of 12-30% in the period May-September. However, 
in the Yavan district, the dynamics of the changes in the listed 
parameters has had the opposite tendency: the temperature of 
the air and evaporation decreased by 0.5%, 7.2%, respectively, 
and the relative humidity and evaporation increased 7.2% and 
10%, respectively. 

The reduction of evaporation during the vegetative period in 
the Yavan district reached 12.2%. In view of these climatic 
changes, it is necessary to take corresponding corrective 
measures in planning agriculture-related water use. Planning 
for the development of irrigation regimes typically considers 
meteorological parameters for all periods analyzed. However, 
this approach can lead to essential errors. Studies based on 
previously irrigated fields and prospective irrigation regimes 
that ignore the effects of global climate warming often do not 
consider the growing needs for water. In contrast, data on the 
Yavan valley recommended irrigation regimes resulting in the 
overuse of water resources. For example, the most recent 
recommendations for irrigation regimes for the valley are 
based on the annual average means of the humidity coefficient 
(0.35), which suggest that this valley is a drought-prone area. 
However, the data presented in Table VI show that for the past 
20 years, evaporation in the valley has decreased by almost 
300 mm (17%), the quantity of precipitation has risen by 70 
mm (11%) and the humidity coefficient has risen to 0.45. 
Hence, the present irrigating norms for cultivation of the 
middle-fibrous cotton of 1100 m3/ha and 3000 m3/ha in the 
Yavan valley and Lucerne, respectively, are overestimated. 

Calculations show that the unproductive losses of water in 
these two valleys exceed 60 mln.m3. 

IV. SEDIMENTATION OF RESERVOIRS 

The analysis of previous results on the filtration 
characteristics of irrigation by clean water versus water with 
the suspended sediments shows that prior to the construction 
of the Nurek reservoir, each m3 of Vakhsh River water 
contained up to 10 kg of sediments and that more than 100 t of 
sediments rich with minerals entered the agricultural fields 
annually. According to the Hydrometeorological Agency of 
the Republic of Tajikistan, the mid-annual discharges of 
suspended sediments in the Vakhsh River on the hydropost 
located on the kishlak Sariguzar—17 km below the Nurek 
HPS—since 1972 (the beginning of the filling of the Nurek 
reservoir) decreased from 1000 g/s to 82 g/s by 1980. The 
Nurek reservoir almost completely eliminated the suspended 
sediments from the Vakhsh River (Table VII). 

 
TABLE VII 

AVERAGE ANNUAL GRANULOMETRIC COMPOSITION OF THE VAKHSH RIVER 

SEDIMENT FLOW 

Years 
D (mm)  

1-0.5 0.5-0.2 0.2-0.1 0.1-0.05 0.05-0.01 0.01-0.05

Komsomolabad 

1972-1976 1.43 7.05 8.6 15.3 37.0 18,0 

1977-1987 1.53 7.11 8.7 14.9 37.2 17,9 

Sariguzar 

1972-1976 0.63 1.77 3.9 8.7 47.3 22,1 

1977-1987 0.72 1.94 3.9 9.1 48.2 21,5 

 
The construction of the Nurek HPS dam was begun in 1961. 

Simultaneously with construction, a technical project 
investigating the suspended load was initiated. The prediction 
for reservoir sedimentation for a period of 11 years was 
included in the project. 

For the period 1972-1989, the sediment flow of the Vakhsh 
River was measured in 1977 and 1980-1982 at 
Komsomolabad and in 1978 and 1985 at the Kishrog 
hydropost. In 1977 and 1985, the sediment flow measured at 
the Komsomolabad station changed in accordance with the 
change of the annual rainfall from 55.2 to 38.3 Mln. t at the 
station of Kishrog from 86 to 59 Mln. t. 

Based on the estimation of the Institute of Mathematics of 
AS of Tajikistan, the additional value of the tributary sediment 
from Komsomolabad up to the Nurek reservoir is 4.0 Mln. t. 

The input of sediment into the Nurek reservoir under 
average conditions for a dry year can be estimated at 60-65 
Mln. t. The calculation demonstrates that by the sixth year of 
constant use, the useful volume of the reservoir would 
decrease by 200 Mln. m3 and by the 11th year by 650 Mln. m3. 
Table VIII presents the initial forecast for sedimentation of the 
Nurek reservoir. 

 During the planning for the reservoir, it was accepted that 
the process of sedimentation would conditionally begin in 
1978, with an intensity of 40 Mln. m3 per annum for the first 
five years, accelerating to 90 Mln. m3 per annum in all 
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subsequent years. 
 

TABLE VIII 
PROGNOSES OF NUREK RESERVOIR SEDIMENTATION (REDUCTION OF THE 

FULL VOLUME) 

Year 1978 1983 1988 1993 1998 2001 

volume (km3) 10.5 10.3 9.85 9.4 8.95 8.68 

 
Early studies established that in connection with the 

increase in temperature, a longer vegetative period of 
agricultural crops can be expected. The intensity of increase of 
the air temperature and the increase in the stock of soil 
moisture in the spring will enable earlier spring sowing. 
Adhering to the mean annual starting dates of sowing without 
accounting for climate change will lead to a decrease in 
productivity of all agricultural crops. The displacement of 
sowing relative to an optimum for 5-10 days reduces 
productivity on the average by 10-20%. This decreased 
productivity is related to the fact that the most important 
period for the efficiency of crop growth occurs at air 
temperatures that are higher than the optimum. The influence 
of agro-climatic conditions on the rates of growth of 
agricultural crops can be reduced to an estimation of when 
each crop will pass through its phenological phases.  

Understanding the forces exerted by large dams on local 
climate is key to establishing whether artificial reservoirs 
inadvertently modify precipitation patterns in impounded river 
basins. Using a 30-year record of reanalyzed data, the spatial 
gradients of atmospheric variables related to precipitation 
formation are identified around the reservoir shoreline for 92 
large dams of North America. The large dams influence local 
climate most in Mediterranean and semi‐arid climates, while 
for humid climates, the influence is least apparent. Clear 
spatial gradients of convective available potential energy, 
specific humidity and surface evaporation are also observed 
around the fringes between the reservoir shoreline and farther 
from these dams [16]. 

V. IMPACT OF RESERVOIR ON THE TIGROVAYA BALKA NATURE 

RESERVE 

The Tigrovaya Balka Nature Reserve is a heavily forested 
area critical for the preservation of unique communities of 
flora and fauna. They species living in the reserve are not 
simply independent "units" that could be kept in zoos and 
botanical gardens but, rather, are members of a climax 
community that has developed over millennia, the 
infringement of which will lead to the irreversible degradation 
and disappearance of many species, as was the case with 
Turanian’s tiger. 

Until the settlement of the Vakhsh River and the building of 
the Nurek HPS, the vegetative ecosystems of the reserve were 
supported by annual spring-summer floods, and all the lakes 
of the reserve were filled with water. Since construction of the 
Nurek HPS and its reservoirs, the natural floods have stopped. 
This condition has led to a gradual reduction of the water level 
in the lakes of the reserve and complete drying of Lakes Blue 
and Kabane. 

Now, to maintain the balance of water in the reserve, 
sewage from farmlands is input. Without the implementation 
of measures to prevent excess sewage from entering the 
reserve, even with small concentrations of salts, due to 
extremely high evaporation, the salinity of the soil and waters 
of the reserve will increase to fatal limits. There will be an 
intensification of processes of desertification and salinization 
that finally will change the heavily forested vegetation.  

The present condition of the Tigrovaya Balka Nature 
Reserve requires the provision of uncontaminated water. In 
turn, the development of alternative means of supplying the 
reserve with water will considerably improve the condition of 
the flora and fauna of the reserve. Future studies should have 
the following objectives: 
‒ To identify the impact of chemical pollution transition 

processes on environmental changes; 
‒ To identify the impact of transition processes on changes 

in environmental standards and risk assessment criteria 
related to toxic elements; 

‒ To review suitable remediation options; 
‒ To develop methods of prioritizing urgent action areas 

(hot spots) within the boundaries of the “Tigrovaya 
Balka” reserve; 

‒ To provide recommendations for risk management 
strategies to improve environmental conditions and water 
resources; 

‒ To organize a preliminary purification system of water 
inflow to the reserve by building reservoirs.  

Fluctuations or changes in one ecosystem component cause 
a number of collateral changes in other components. The 
change of the water dynamics and the chemical composition 
of waters cause physiological changes in the reserve plants 
due to the adaptation of the plants to the newly created 
conditions. This process is reflected in the food allowance and 
activity of the fauna and birds of the reserve. The potential 
mutation of species of plants, animals and other inhabitants of 
the reserve cannot be excluded. Considering the fact that the 
Tigrovaya Balka Nature Reserve is also a place of seasonal 
residence for migrating birds, the processes taking place in the 
reserve’s flora and fauna can have far-reaching effects. In 
many areas, poachers have used the reserve as a place to hunt. 
The undesirable infections and illnesses caused by the 
adaptation of the inhabitants of the reserve to the disrupted 
natural conditions can be transmitted through food and thereby 
result in the mass distribution of an illness or infection. 

In 2007, a set of tasks for inspection of the territory of the 
reserve, and certain measures were undertaken to improve the 
delivery of water to the reserve ecosystem. These measures 
include clearing an overgrown natural channel, building a 
channel for a supply of fresh water bypassing dams, and 
building a pumping station, among other measures. The 
systematic clearing of channels has proceeded since 2008. 
Despite an insignificant difference in the levels of the northern 
and southern parts of the reserve, the development of bogs in 
the north, where wastewaters were historically discharged, has 
almost ceased. The water in the cleaned channels and drains 
has been directed into a drying-up lake, which has been filled 
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with water, as in former years when the natural waterway was 
supported by regular floods.  

At the direction of the Tajikistan government in 2007, the 
reserve has been increased by 21 thousand ha. The added 
territories improve the protection of ecosystems such as 
tugayes and adjoining deserts. Additionally, the increase in the 
reserve has facilitated the natural movement of animals; 
previously, they often left the limits of the protected territory. 

In the autumn of 2008, the Tigrovaya Balka Nature Reserve 
had been in existence for 70 years. At this anniversary, the 
government of Tajikistan made the decision to increase the 
area of the reserve by 100 thousand ha. However, before 
becoming part of the reserve, these areas were used as a cattle 
pasture and for fuel gathering, which led to the degradation of 
grasslands and a total disappearance of the Haloxylon woods. 
Haloxylon restoration is ongoing in the reserve. 

Now, the reserve area encompasses more than 47 Th. ha. 
Taking into account the transferred lands of the former 
collective farms and the intercollective-farm enterprises (1.3 
Th. ha), the total area of the reserve comprises 50.9 thousand 
ha, including a wooded area of 24.1 Th. ha (47.4%), a non-
wooded area of 26.8 Th. ha (52.7%) and a light forest, glades, 
mountains area of 8.0 Thousand ha (14.1%). Bogs and waters 
occupy 21.4% of the total reserve area. In the northern and 
southern parts of the reserve, 16 and 5 large and small lakes 
are present, respectively. 

The water regime of the soils of tugay-inundated 
biogeocenosis sharply differs from the previous regime. First, 
there is increased humidity at all soil depths; second, the 
influence of seasonal atmospheric humidity is almost 
nonexistent, as the regime here is defined by additional 
humidity at the expense of the shallow (1-2 m) levels of 
groundwater. The water and salt regimes of the soils define the 
formation and seasonal development of vegetative cover. In 
deserted biogeocenosis, the seasonal development of 
vegetation has been accurately traced. Additional soil moisture 
in tugay-inundated biogeocenosis provides sufficient humidity 
for the soil profile throughout the year. The brief drying of the 
top horizon occurs only in the middle of summer, during the 
period of greatest evaporation and moisture consumption by 
transpiration (to 5%). The bottom horizons in contact with 
groundwater are provided with the greatest moisture 
throughout the year, and the limits of fluctuation of this 
parameter (30%) can serve as an indicator of the dynamics of 
the groundwater level. Thus, in the autumn, when evaporation 
and transpiration decrease, the level of groundwater rises, 
whereas it falls in the summer. The shallow groundwater on 
the inundated terrace, which is continuously fed and freshened 
by river water and by periodic floods in recent times, provides 
the vegetation of the reserve with moisture throughout the 
year. The ecological conditions also include a long summer 
drought, which causes extremely low relative humidity. These 
contrasting relationships of the soil and atmospheric humidity 
characterize the living conditions of the tugay vegetation. In 
the initial stage of development, tugay woods are connected 
with coastal open communities of grassy vegetation formed on 
young shallows and river-bottom terraces. Presently, the 

territory of the reserve includes 25 Th. ha. 

VI. CONCLUSION 

A review of the literature clearly shows the influence of 
reservoirs on the formation of the local microclimate, the 
landscape, habitat conditions and the physicochemical 
properties of water flows. However, the extent of this 
influence on various components of the environment differs 
and is primarily defined by the sizes and locations of the 
reservoirs. The main factor increasing the coefficient of 
influence of reservoirs is the surface area of the water body, 
the volume of water and the height of the dam. The essential 
change in the water temperature of the Vakhsh River after the 
construction of a reservoir is revealed. Meteorological data 
established a decrease in the temperature of the district after 
the construction of the Nurek reservoir. A reduction of the 
volume of the reservoir by more than 17% for the period 
1978-2001 was observed. Thus, studies have established that 
mitigation of the impact of the changes in microclimate that 
are induced by reservoirs on the environment and the 
production of agricultural products can be achieved by 
developing effective mechanisms of adaptation and by 
carefully selecting the locations of future water reservoirs. 
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Abstract—In this study, encapsulation of agarwood oil with 

non-ionic surfactant, Tween 80 was prepared at critical micelle 
concentration of 0.0167 % v/v to produce the most stable 
nano-emulsion in aqueous. The encapsulation has minimized the 
bioactive compounds degradation in various pH conditions thus 
prolong their shelf life and maintained its initial oil grade. The oil 
grading of the prepared samples were conducted using the gel 
electrophoresis instead of using common analytical industrial grading 
such as gas chromatography- mass spectrometry (GC- MS). The 
grading method was chosen due to their unique zeta potential value 
after the encapsulation process. This paper demonstrates the feasibility 
of applying the electrophoresis principles to separate the encapsulated 
agarwood oil or grading of the emulsified agarwood oil. The results 
indicated that the grading process are potential to be further investigate 
based on their droplet size and zeta potential value at various pH 
condition when the droplet were migrate through polyacrylamide gel. 
 

Keywords—Electrophoretic mobility, essential oil, nanoemulsion, 
polyacrylamide gel electrophoresis, Tween 80, zeta potential. 

I. INTRODUCTION 

GARWOOD is resin impregnated heartwood from 
Aquilaria malaccensis, which belongs to the family of 

genus Aquilaria (Thymelaeaceae). It is also known as gaharu, 
eaglewood, aloeswood, oud, jinkoh, and chenxiang and can be 
found in Southeast Asian countries such as Malaysia. The 
aromatic resin is formed as the tree sap gradually become 
harder and change it physical form from dark brown to black 
colour due to response to injury and fungal infection. 
Agarwood is recognized as one of the most valuable natural 
product trade internationally due to its endless uses, ranging 
from large sections of trunk to finished products such as 
incense and perfumes.  

The quality of the agarwood oil which industrially extracted 
through hydrodistillation is depending on the degree of injury 
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and its resin formation. High quality agarwood oil (grade A) 
may cost between USD 93- 465 per tola [1]. Many previous 
studies on grading agarwood oil quality have been carried out. 
Conventionally, grading of agarwood was based on its physical 
properties such as colour, aroma, density which mainly depend 
on individual perception and experience. Recently, several 
analytical methods such as gas chromatography- mass 
spectrometry (GC- MS), electronic nose, and nuclear magnetic 
resonance (NMR) were recognized to determine the chemical 
properties of agarwood oil [2]-[5]. However, some of the 
industrialist unable to afford the burden of the analytical cost 
due to their limited product for sampling purpose. Thus, gel 
electrophoresis is introduced as an alternative method to assess 
and grade the quality of the agarwood oil based on its electrical 
properties. 

Gel electrophoresis is a powerful, yet, simple and cheaper 
tool used for separate nucleic acid and protein on the basis of 
their size and charges in an applied electric field [5]. Small and 
high charge molecule will travel faster through the gel than a 
large and low charge molecule. Sieving mechanism is used to 
describe the electrophoretic mobility of the molecules 
throughout the gel matrix [6]. The types of gel most commonly 
used are agarose and polyacrylamide gels. Agarose gel is used 
for separating large size molecules and has a relatively low 
resolving power; whereas, polyacrylamide gels have greater 
resolving power for small size molecule. Also, the average pore 
size is typically 200-500 nm for agarose, but 5-100 nm for 
polyacrylamide gel [7]. Therefore, sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS PAGE) was chosen 
for the emulsified agarwood oil droplets separation in this 
study.  

Up to the author’s knowledge, agarwood oil quality grading 
system based on its electrical properties has not been being 
reported elsewhere in the literature. The objective of this study 
was to separate or to grading the emulsified agarwood oil 
droplets with SDS PAGE based on their size and zeta potential 
value. Since pH is one of the most important factor that affects 
zeta potential value, thus relationship between pH and zeta 
potential was also studied. The size of emulsified oil droplets 
lying within nanometre range and response to specific zeta 
potential value and electrophoretic mobility when they are 
varies in different pH conditions, so that separation using SDS 
PAGE can be evaluated. 

II. EXPERIMENTAL 

A. Materials 

Agarwood oil was purchased commercially from YSG 
Excellence Sdn. Bhd., Malacca, Malaysia; Tween 80 
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III. RESULTS AND DISCUSSION 

A. Effect of Surfactant Concentration on Size Distribution 
and Stability of Emulsion 

 

Fig. 2 Surfactant concentration effect on emulsified droplets size 
 

The size of emulsified oil droplets is controlled by the 
interaction between the droplet breakup and droplet 
coalescence [12], [13]. Droplet break up is controlled by the 
type and amount of energy applied to the droplets whereas 
droplet coalescence is controlled by the ability of surfactant 
adsorb at the droplet interface, which depend on surfactant 
surface activity and concentration. In the present study, 
surfactant Tween 80 was chosen and its concentration effect on 
droplet size was shown in Fig. 3. Droplet surface coverage by 
surfactant can used to describe the relationship between droplet 
size and surfactant concentration. Initially increasing in 
surfactant concentration resulted in a large decrease in droplets 
size as the surfactant adsorbed at the oil/ water interface and 
instantaneously oriented themselves between the two phases. 
Next, the surfactant facilitated reduction of interfacial tension, 
and formed a protective film around the droplet to prevent 
droplets from coalescence [14], [15]. Large droplet size was 
observed at low surfactant concentration which owing to 
insufficient coverage of surfactant at the interface of newly 
formed droplets. 

When there was an excess addition of surfactant, at 0.0167% 
v/v, smallest droplets size about 88 nm was obtained. This was 
owing to the sufficient concentration of surfactant that rapidly 
adsorbed at the interface of newly formed droplets, facilitates a 
maximum reduction in the interfacial tension [16] and provided 
strongest repulsive forces to prevent droplets from coalescence. 
Further increase in surfactant concentration, above 0.0167% 
v/v, led to increasing of droplets coalescence. This might due to 
changes of sphere micelle to rod shape, lamellar or mesophase 
owing to excessive surfactant in the system. In this system, 
Tween 80 concentration of 0.0167% was close to the limit of 
the reduction of droplet size, thus, 0.0167% of Tween 80 was 
recognized as critical micelle concentration (CMC) along this 
study. 

Fig. 3 showed the effect of surfactant concentration on zeta 
potential value of emulsion produced. Zeta potential is one of 
the factors determining the physical stability of emulsions. The 

higher the zeta potential value, the higher is the electrostatic 
repulsion between the droplets and the higher is the physical 
stability. In the present study, zeta potential values ranged from 
-20 to -40 mV for emulsion produced with Tween 80, a 
non-ionic surfactant were obtained, but in principle, droplets 
stabilized by non-ionic surfactants should have no charge. 
Negative charge values were obtained may be explained by the 
presence of composition of agarwood oil, pH, electrolyte or 
other ionic impurities remaining from their production or 
generated during storage [17]. 

The CMC 0.0167% v/v gave highest zeta potential of -39.6 
mV among the others surfactant concentration. This might be 
caused by the strongest repulsive force provided by sufficient 
coverage of surfactant barrier around the oil droplets, providing 
the most stable emulsion. However, there was no significant 
change for zeta potential value of emulsified oil with less or 
excess addition of surfactant which might be due to the 
non-ionic characteristic of surfactant used.  

 

 

Fig. 3 Zeta potential values of emulsified agarwood oil as a function of 
surfactant concentration 

B. Effect of pH on Size Distribution and Stability of Emulsion 
Produced at CMC 

The oil droplets which comprise of bioactive compounds 
tend to undergo physical and chemical changes when they are 
subjected to an extreme pH condition. However, when the most 
stable emulsion which produced at CMC with pH 6.5 was 
subjected to various pH conditions starting from pH 3 to pH 10, 
the droplet size of emulsified oil has no significant changes as 
shown in Fig. 4. This might be due to the sufficient protection 
provided by the surfactant barrier toward pH condition as the 
droplets were fully encapsulated by surfactant monomers.  

The zeta potential of the particles is used as a measure of 
particle charge and electrostatic repulsion, and is one of the 
fundamental parameters that affects stability. In aqueous 
media, the pH is one of the most important factors that affects 
zeta potential value. The relationship between the effects of pH 
on the zeta potential of emulsion produced at CMC was shown 
in Fig. 5. It can be seen that small changes in pH has caused 
significant changes in the zeta potential values of the emulsified 
oil in which the zeta potential values decreased at low pH and 
increased at high pH. This may be owing to the adsorption of 
H+ and OH− ions, which are the zeta potential- determining ions 
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effect on zeta potential of emulsion, owing to H+ and OH- ions 
adsorption at the oil/water interface. Visible bands were 
observed for emulsified droplets produced at various pH 
condition within size range of 85 to 95 nm and zeta potential 
range of -20 to -80 mV due to suitable pore size of 15 % of SDS 
PAGE gel. Zeta potential value was the dominant factor for 
emulsified agarwood oil separation as compared to droplet size.  
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Study of Aerosol Deposition and Shielding Effects

on Fluorescent Imaging Quantitative Evaluation in

Protective Equipment Validation

Shinhao Yang, Hsiao-Chien Huang, Chin-Hsiang Luo

   Abstract—The leakage of protective clothing is an important

issue  in  the  occupational  health  field.  There  is  no  quantitative

method for measuring the leakage of personal protective equipment.

This work aims to measure the quantitative leakage of the personal

protective equipment by using the fluorochrome aerosol tracer. The

fluorescent aerosols were employed as airborne particulates in a

controlled chamber with ultraviolet (UV) light-detectable stickers.

After an exposure-and-leakage test, the protective equipment was

removed  and  photographed  with  UV-scanning  to  evaluate  areas,

color depth ratio, and aerosol deposition and shielding effects of the

areas where fluorescent aerosols had adhered to the body through

the  protective  equipment.  Thus,  this  work  built  a  calculation

software for quantitative leakage ratio of protective clothing based

on  fluorescent  illumination  depth/aerosol  concentration  ratio,

illumination/Fa ratio, aerosol deposition and shielding effects, and

the leakage area ratio on the segmentation. The results indicated

that the two-repetition total leakage rate of the X, Y, and Z type

protective clothing for subject T were about 3.05, 4.21, and 3.52

(mg/m2). For five-repetition, the leakage rate of T were about 4.12,

4.52, and 5.11 (mg/m2).

  Keywords—fluorochrome,  deposition,  shielding effects,  digital

image processing, leakage ratio, personal protective equipment
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Sandy Soil Properties under Different Plant Cover

Types in Drylands, Sudan

Rayan Elsiddig Eltaib, Yamanaka Norikazu, Mubarak Abdelrahman Abdalla

   Abstract—This study investigated the effects of Acacia Senegal,

Calotropis procera, Leptadenia pyrotechnica, Ziziphus spina Christi,

Balanites aegyptiaca, Indigofera oblongigolia, Arachis hypogea and

Sesimum indicum grown in the western region of White Nile State

on soil properties of the 0-10, 10-30, 30-60 and 60-90 cm depths. Soil

properties were: pH(paste), electrical conductivity of the saturation

extract (ECe), total N (TN), organic carbon (OC), soluble K, available

P,  aggregate stability  and water  holding capacity.  Triplicate  Soil

samples were collected after the end of the rainy season using 5 cm

diameter auger. Results indicated that pH, ECe and TN were not

significantly different among plant cover types. In the top 10-30 cm

depth, OC under all types was significantly higher than the control

(4.1 to 7.7 fold). The highest (0.085%) OC was found under the Z.

spina  Christi  and  A.  Senegal  whereas  the  lowest  (0.045%)  was

reported under the A. hypogea. In the 10-30 cm depth, with the

exception of A. hypogea, Z. spina christi and S. indicum, P content

was almost similar but significantly higher than the control by 72 to

129%. In the 10-30 cm depth, K content under the S. indicum (0.46

meq/L) was exceptionally high followed by Z. spina christi (0.102

meq/L) as compared to the control (0.029 meq/L).  Water holding

capacity and aggregate stability of the top 0-10 cm depth were not

significantly different among plant cover types. Based on the fact

that  accumulation  of  organic  matter  in  the  soil  profile  of  any

ecosystem is an important indicator of soil quality, results of this

study may conclude that (1) cultivation of A.senegal, B.aegyptiaca

and Z. spina Christi improved soil quality whereas (2) cultivation of

A.  hypogea  or  soil  that  is  solely  invaded  with  C.  procera  and

L.pyrotechnica may induce soil degradation.

  Keywords—canopy, crops, shrubs, soil properties, trees
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Bioproduction of Phytohormones by Liquid

Fermentation Using a Mexican Strain of

Botryodiplodia theobromae

Laredo Alcalá Elan Iñaky, Hernandez Castillo Daniel, Martinez Hernandez José Luis, Arredondo Valdes Roberto, Gonzalez

Gallegos Esmeralda, Anguiano Cabello Julia Cecilia

   Abstract—Plant hormones are a group of molecules that control

different processes ranging from the growth and development of the

plant until their response to biotic and abiotic stresses. In this study,

the capacity of production of various phytohormones was evaluated

from a strain of Botryodiplodia theobromae by liquid fermentation

system using the modified Mierch medium added with a hydrolyzate

compound of mead all in a reactor without agitation at 28 °C for 15

days. Quantification of the metabolites was performed using high

performance liquid chromatography techniques. The results showed

that  a  microbial  broth with at  least  five  different  types of  plant

hormones was obtained: gibberellic acid, zeatin, kinetin, indoleacetic

acid and jasmonic acid,  the last  one was higher than the others

metabolites  produced.  The production of  such hormones using a

single  type  of  microorganism  could  be  in  the  future  a  great

alternative to reduce production costs and similarly reduce the use

of synthetic chemicals.

  Keywords—biosystem,  plant  hormones,  Botryodiplodia

theobromae,  fermentation
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Packaging Processes for the Implantable Medical

Microelectronics

Chung-Yu Wu, Chia-Chi Chang, Wei-Ming Chen, Pu-Wei Wu, Shih-Fan Chen, Po-Chun Chen

   Abstract—Electrostimulation medical devices for neural diseases

require electroactive and biocompatible materials to transmit signals

from  electrodes  to  targeting  tissues.  Protection  of  surrounding

tissues have become a great challenge for long-term implants. In this

study, we designed a back-end processes with compatible, efficient,

and  reliable  advantages  over  the  current  state-of-the-art.  We

explored a hermetic packaging process with high quality of adhesion

and  uniformity  as  the  biocompatible  devices  for  long-term

implantation.  This  approach  is  able  to  provide  both  excellent

biocompatibility and protection to the biomedical electronic devices

by  performing  conformal  coating  of  biocompatible  materials.  We

successfully  developed  a  packaging  process  that  is  capable  of

exposing the stimulating electrode and cover all other faces of chip

with high quality of protection to prevent leakage between devices

and body fluid.

  Keywords—biocompatible  package,  medical  microelectronics,

surface coating, long-term implantation
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Abstract—High reflectance of surgical instruments under bright 

light hinders the visual clarity during laparoscopic surgical 
procedures leading to loss of precision and device control and creates 
strain and undesired difficulties to surgeons. Majority of the surgical 
instruments are made of surgical grade steel. Instruments with a non 
reflective surface can enhance the visual clarity during precision 
surgeries. A conversion coating of black oxide has been successfully 
developed 410 grade surgical stainless steel .The characteristics of 
the developed coating suggests the application of this technique for 
developing 410 grade surgical instruments with minimal reflectance.  

 
Keywords—Conversion coatings, 410 stainless steel, black oxide, 

reflectance. 

I. INTRODUCTION  
TAINLESS steels are widely used for the manufacture of 
surgical instruments [1]. Reflection under bright lights 

from the surgical instruments made of surgical grade stainless 
steel creates undesired difficulties to the surgeons like loss of 
precision, lack of device control etc in laparoscopic surgeries 
[2]. The precision and device control in laparoscopic and key-
hole surgeries are vital . Matte black oxide coating of surgical 
steels have been suggested to reduce the problems created due 
to the reflection of light from the surgical instruments made of 
surgical grade stainless steel. Black oxide is a conversion 
coating formed on the metal surfaces as a result of chemical 
reaction of the metal atoms with an oxidizing agent like air, 
alkaline aqueous salt solution, and molten salts. The 
conversion coating is a film of chemical compound formed by 
the reaction of the substrate in air and the properties do not 
vary from the main substrate [3].  

Black oxide coating provides reduced light glare, 
dimensional stability, anti-galling property, improved 
lubricity, superior finish, corrosion protection etc [4]. The 
various black oxide processes are hot alkaline black oxide 
process, cold black oxide process, and molten salt black oxide 
process [7]. These methods have been tried for coating 300 
series grade surgical stainless steel. Currently surgical 
equipments are manufactured from superior grade 410 
stainless steels. The martensitic stainless steel is strong, hard, 
has good wear resistance but less resistance to corrosion [5]. 
In the present study all three methods suggested for 
conversion coating of 300 series stainless steel has been 
investigated on 410 grade steel by altering the various 
parameters like the composition of the mixture ,time and 
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temperature. It was found that a black oxide (Ferric oxide, 
Fe3O4) conversion coating with good characteristics can be 
developed on grade 410 stainless steel using the molten salt 
process with a composition of 400g/L of sodium hydroxide, 
320g/L sodium nitrate, and 200g/L of sodium dichromate in 
water at a temperature of 1390C and coating duration of 40 
minutes. The reflectance, thickness and surface roughness 
parameters of the coating suggest its application for black 
oxide coating of surgical instruments made of 410 grade 
stainless steel so as to obtain minimal reflecting surgical 
surfaces. 

II. EXPERIMENTAL 

A.Materials and Sample Preparation 

Type SAE grade 410, 316L & 310, stainless steel 
mechanically cleaned ,degreased in alkaline solution followed 
by a pickling process in 20% diluted Hydrochloric acid were 
used as the specimens[6]. Prepared samples are shown in Fig. 
1. 
 

 
Fig. 1 Prepared samples ready for coating process 

B. Deposition Procedure 

Coating of black oxide was attempted by three methods as 
detailed below. For each method the coating solution was 
transferred to a heating container of 50 litres capacity with two 
heating coils with heating capacity up to 3000C .The solution 
was allowed to reach the required coating temperature for each 
method. Then the specimens were partially dipped in the high 
temperature solution so as to get the required coating. The 
specimens were taken out at intervals of 5, 15, 25, 35, 45 and 
55 minutes monitored by a calibrated stopwatch. 
Method 1: By treating in hot solution of sodium hydroxide, 

sodium nitrate and sodium nitrite in water with a 
composition of 700g/L of sodium hydroxide, 
100g/L of sodium nitrate and 100g/L of sodium 
nitrite in water. A 10 litre of solution was used 
to completely immerse the heating coils in the 
heater vessel used. After weighing in the 
chemicals and mixing them in water, the 

Investigation into Black Oxide Coating of 410 Grade 
Surgical Stainless Steel Using Alkaline Bath Treatment 
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mixture was transferred to the heating container. 
The mixture was maintained at a temperature of 
1400C during the coating process. [7] 

Method 2: Coating by treating in solution having 
composition of 110g/L of potassium hydroxide, 
200g/L of potassium nitrate in 10 litres of water. 
The mixture was maintained at a temperature of 
1350C during the coating process. [7]  

Method 3: Using composition of 400g/L of sodium 
hydroxide, 320g/L sodium nitrate, and 165g/L 
of sodium dichromate in 10 litres of water. The 
mixture was heated to a temperature of 1450C 
during the coating process. Fig. 2 shows the 
actual coating process in progress.[7]  

 

 
Fig. 2 Setup showing the coating process 

 
As the preliminary samples of 410 grade on physical 

verification showed uniform coating only by the method 3 and 
that too at longer intervals, this method was chosen for further 
investigation to get optimal time and temperature and 
composition for uniform black oxide coating of 410 grade 
stainless steel. This was done by subjecting 410 grade samples 
to coating by method 3 at temperatures varying between 
1150C-1500C. The process was also further explored with 
varying percentage of the sodium dichromate (Na3Cr3O7) 
(50-350g/L) while maintaining the same composition for 
sodium hydroxide (NaOH) and sodium nitrate (NaNO3). 

C. Surface Characterization  

Measurement of reflectance : Reflectivity is a vital parameter 
in this work. In optics and photometry, reflectivity is the 
fraction of incident radiation reflected by a surface. In general 
it must be treated as directional property that is the function of 
the reflected direction, incident direction, and the incident 
wavelength. However it is also commonly averaged over the 
reflected hemisphere to give the hemispherical spectral 
reflectivity. When reflection occurs from thin layers of 
material, internal reflection effects can cause the reflectance to 
vary with surface thickness. Reflectance is the fraction of 
electromagnetic power reflected from a specific sample, while 
reflectivity is a property of the material itself, which could be 
measured on a perfect machine if the material filled half of the 
space [8]. The reflectance of the samples were measured with 
UV-VIS-NIR spectrophotometer Varian, Cary 5000 with 

Spectral range: 175 – 3300 nm Wave length accuracy: ± 0.1 
nm (UV –Vis), ± 0.4 nm (NIR) Wave length reproducibility: 
0.025 nm Limiting resolution: 0.05 nm (UV –Vis), 0.2 nm 
(NIR) 

Measurement of thickness and roughness : Average 
thickness of the films and average roughness was measured 
using a Dektak 6M stylus profilometer (Veeco, USA) [9]-[11]. 
The stylus profiler takes measurements electromechanically 
by moving the sample beneath a diamond-tipped stylus. The 
film undergoing measurement is deposited with a region 
masked; this creates a step on the sample surface, and the 
thickness of the sample can be measured accurately by 
measuring the vertical motion of the stylus over the step. The 
profilometer measures the average thickness and roughness of 
the sample. 

III.RESULTS AND DISCUSSION 
The results of the coating produced by the three methods on 

SAE grade steel samples of 310, 316 L and 410 are tabulated 
in Table I. On preliminary observation it was found that a 
good uniform dull matte black coating was formed on the 
grade 410 steel specimens coated by method 3 at a coating 
time of 45 minutes. No coating was observed on the 316 L 
samples. As the base interest was to coat surgical steel of 410 
grade, method 3 was taken up for further investigation with 
changes in coating parameters. Fig. 3 shows the samples after 
the coating procedure. Samples in Fig. 3(c) clearly show black 
oxide conversion coating. 

 

 
(a) 

 

 
(b) 
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(c) 

Fig. 3 Photographs of 410 grade samples after the primary coating (a) 
Method 1 (b) Method 2; and (c) Method 3 

The coating characteristics obtained by varying the 
temperature of the bath under method 3 without altering the 
composition of the solution and time of coating are tabulated 
in Table II. A thin layer of conversion coating was observed 
on the specimen for all temperatures from 1200C to 1450C. 
The coating formed at a temperature of 1300C returned the 
lowest reflectance along with the maximum thickness and 
minimum roughness. Fig. 4 shows the variation of thickness, 
roughness and percentage reflectance of the samples for the 
various temperatures. Fig. 5 shows the variation in sample 
colour in different samples from black to brown. 

 
TABLE I 

TABULATED RESULTS OF BLACK OXIDE COATING ON VARIOUS GRADE OF STEEL BY THE THREE METHODS 

Sl no 
Chemical composition 

Steel Grade Coating Time coating Colour Visual examination  Results 
Chemical quantity 

Method 1 (max temp 1400C) 

1. 

Sodium Hydroxide 0.700 kg 
SAE 410 

5 No - 

No coating was observed  
15 No - 
35 No - 

Sodium Nitrate 0.100 kg 35 No - 

Sodium Nitrite 0.100 kg 
45 No - 

SAE 310 45 Uniform Black Fine uniform coating 
water 1 litre SAE316L 45 No - No coating observed 

Method 2 (max temp 1350C) 

2. 

Potassium 
Hydroxide 1.100 kg 

SAE 410 

5 No - 

No coating observed  
15 No - 
35 No - 

Potassium 
Nitrate 0.200 kg 

35 No - 
45 No - 

SAE 310 45 Uniform Black Fine uniform coating  
water 1 litre SAE316L 45 No - No coating observed 

Method 3 (max temp 1400C) 

3. 

Sodium Hydroxide 0.400 kg 

SAE 410 

5 Traces Black
Black coating  was observed 

which became 
 more uniform  with 

increase  in coating time 

15 Traces Black
Sodium Nitrate 0.320 kg 35 Non uniform Black

Sodium Dichromate 0.165 kg 
35 Uniform Black
45 Uniform Black

SAE 310 45  Black Uniform coating 
water 1 litre SAE316L 45   No coating observed 

 

 
Fig. 4 Variance of Reflectance, thickness, and roughness at different temperatures 
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TABLE II 
TABULATED RESULTS OF BLACK OXIDE COATING ON 410 GRADE SAMPLES FOR THE VARIOUS TEMPERATURES 

Exp no Temperature Specimen Time of exposure Coating Colour % R t Ra 
1 1150C 1 45 None -- 23.93 3.11 0.204 
3 1200C 2 45 Traces Black 20.96 3.69 0.157 
3 1250C 3 45 Non uniform Black 17.67 4.54 0.178 
4 1300C 4 45 Uniform Black 14.67 4.58 0.157 

5 1350C 5 45 Uniform Brown black 15.68 4.62 0.168 
6 1400C 6 45 Uniform Brown 18.18 4.28 0.211 
7 1450C 7 45 Uniform Brown 23.08 4.82 0.196 

*t- thickness of coating obtained μm; %R- average percentage of reflectance obtained in the visible region (380-750 nm); Ra- average roughness values in μm 
 

 
Fig. 5 Colour variation of the coated samples 

 
As austenitic steels have a higher reflectance than the 

ferritic and martensitic steels and their integrated solar 
reflectance of 68% is considered too much for their use in 
endoscopy two of the natural oxides on stainless steel, Fe2O3 

and Cr2O3 have been studied as separate films, and their 
optical constants determined by combined transmission and 
reflectance measurements. It has been found that Fe3O4 and 
Cr2O3 gives better selectivity than Fe2O3. Hence it is 
concluded that the ferritic and martensitic steel base is to be 
preferred for developing surgical instrument because of its 
lower reflectance [12]. Based on this the surface conversion of 
SAE 410 grade steel was further investigated with dichromate 
leading to a surface layer of Fe2O4 and Cr2O3 which will 
have lower reflectivity.  

 
TABLE III 

TABULATED RESULTS OF BLACK OXIDE COATING ON 410 GRADE SAMPLE BY VARYING SODIUM DICHROMATE COMPOSITION 
Exp No Composition in kg/L (Na3Cr3O7) Sample Time of coating Boiling point Coating Colour %R t Ra 

1 0.050 8 
9 

30 
40 1250C Traces - 

Black 
23.08 
18.95 

1.02 
1.93 

0.128 
0.168 

3 0.100 10 
11 

30 
40 1330C Non Uniform Black 

Black 
17.33 
18.51 

1.96 
1.91 

0.179 
0.210 

3 0.150 12 
13 

30 
40 1370C Uniform Black 

Black 
17.06 
15.68 

2.21 
3.16 

0.236 
0.162 

4 0.200 14 
15 

30 
40 1390C Uniform Black 

Black 
15.73 
13.45 

4.69 
4.83 

0.140 
0.152 

5 0.250 16 
17 

30 
40 1440C Uniform Black 

Brown 
15.29 
17.67 

4.47 
4.54 

0.195 
0.178 

6 0.300 18 
19 

30 
40 1500C Uniform Brown 

Brown 
19.73 
21.16 

4.13 
3.39 

0.152 
0.139 

7 0.350 20 
21 

30 
40 1530C Uniform Brown 

Brown 
23.76 
23.93 

5.83 
4.91 

0.137 
0.204 

* t- thickness of coating obtained μm; %R- average of percentage reflectance obtained in visible region (380-750nm); Ra- average roughness values in μm 
 

 
Fig. 6 Variation of % of reflectance, thickness and roughness with change in sodium dichromate composition 
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Since di-chromate composition is detrimental in a lower 
reflective coating the 410 grade samples were subjected to 
coating process by method 3 by varying the dichromate 
composition and the results are tabulated in Table III. Fig. 6 
shows the variation of thickness, roughness and percentage 
reflectance of the samples by varying the dichromate 
composition. It is seen that the coating done using 
composition of 400 g/L of sodium hydroxide, 320 g/L sodium 
nitrate, and 200 g/L of sodium dichromate in 10 litres of water 
with a coating temperature of 1390C and coating duration of 
40 minutes gave a uniform black coating with the lowest 
reflectance of 13.45%, thickness of 4.83 μm and a low 
roughness of 0.152 μm and is shown in Fig. 7 (a).The other 
samples in figure show lesser coating characteristics. 

 

 
(a)                           (b)                          (c) 

Fig. 7 Coated samples by varying sodium dichromate composition 

IV.CONCLUSION 
Conversion Black oxide coating was successfully done on 

grade 410 stainless steel using hot alkaline process with 
alkaline solution consisting of sodium nitrate, sodium 
hydroxide and sodium dichromate. Analysis of the coated 
surfaces were further made based on temperature changes, 
time of coating, change in composition of solution and sodium 
di-chromate ratio to get the coating with maximum thickness 
and lowest reflectance and having average roughness at the 
lower range. The best coating was obtained with a solution of 
400 g/L of sodium hydroxide, 320g/L of sodium nitrate, 
200g/L of sodium Di-chromate in water at an alkaline bath 
temperature of 1390C and an exposure time of 40 minutes. 
The minimum average percentage of reflectance in visible 
region obtained was 13.45% and the thickness of the coating 
was 4.83μm. The average roughness value is 0.152 μm. The 
reflectance value obtained is far less compared to base 410 
grade Stainless steel samples and suggests the usage of the 
coating procedure for producing low reflective surgical 
instruments for laparoscopic and endoscopic application. 

ACKNOWLEDGEMENT 
The authors wish to acknowledge the facilities extended for 

this work by Ms. Jayon Implants Palakkad, Kerala, India and 
wish to sincerely thank its proprietor Mr. Vijai for the same.  

REFERENCES 
[1] Gerald McDonnell, Denise Sheard -A Practical Guide to 

Decontamination in Healthcare. (2012), Wiley Blackwell Publishers, 
John Wiley & Sons, Ltd, West Sussex, UK ISBN-10: 1444330136, (70-
75).  

[2]  Howard L. Levine , M. Pais Clemente -Sinus Surgery: Endoscopic and 
Microscopic Approaches. (2004), Thieme Publisher, ISBN-10: 
0865779724, (174-178).  

[3] N. Arab & M. Rahimi Nezhad Soltani -A Study of Coating Process of 
Cast Iron Blackening. Journal of Applied Chemical Research, 9, 13-23 
(2009) ISSN: 2008-3815.  

[4] Mel Schwartz -Encyclopedia and Handbook of Materials, Parts and 
Finishes. Second Edition, (2002), CRC Press LLC, Florida, ISBN-10: 
1566766613, 479-490.  

[5]  Mikell P. Groover- Fundamentals of Modern Manufacturing: Materials, 
Processes, and systems. Fourth edition, (2010), John Wiley & Sons, 
Hoboken, ISBN-10: 0470467002, 114-116.  

[6] Standard Recommended practice for cleaning and descaling stainless 
steel parts, equipment, and systems. Cleaning stainless steel, ASTM STP 
538, American Society for Testing Materials, (1973), 1- 16.  

[7] Linden H Wagner Corrosion resistance of black oxide coatings on mild 
and corrosion resistant steels, Engineering Support of Standardization 
Project X.O. 76502-0001,1964  

[8] F. Khelfaoui, Y. Bellouard, T. Gessmann, X. Wang, Harvard University; 
J. Vlassak, M. Hafez -An Investigation of the Oxidation of Laser and 
Furnace-Annealed Sputter-Deposited NiTi Thin Films Using 
Reflectivity Measurements. SMST-2004, Proceedings of the 
International Conference on Shape Memory and Superelastic 
Technologies, ASM International (2006), 427-434.  

[9] K.K. Saju, Sasidharan Vidyanand, N.H. Jayadas, Jackson James, M.K. 
Jayaraj -Effect Of Surface Characteristics Of Anodized Ti-6Al-4V 
Implant Material On Osteoblast Attachment And Proliferation. 
J.Orthopaedics (2009);6(1)e5. 

[10] M. Haidopoulos, S. Turgeon -Development of an optimized 
electrochemical process for subsequent coating of 316 stainless steel for 
stent applications. J Mater Sci:Mater Med (2006) 17, 647-657.  

[11] Bharat Bhushan -Principles and Applications of Tribology. second 
edition,(2013) John Wiley & Sons Ltd, New York , ISBN: 978-1-119-
94454-6, 131-135. 

[12] Bjorn Karlsson and Carl G. Ribbing -Optical constants and spectral 
selectivity of stainless steel and its oxides. J. Appl. Phys. 53, Issue 9, 
6340 (1982). 

Tokyo Japan May 26-27,  2016, 18 (5) Part XXIII

3361 116



Gene Expression Signature-Based Chemical

Genomic to Identify Potential Therapeutic

Compounds for Colorectal Cancer

Yen-Hao Su, Wan-Chun Tang, Ya-Wen Cheng, Peik Sia, Chi-Chen Huang, Yi-Chao Lee, Hsin-Yi Jiang, Ming-Heng Wu, I-Lu Lai,

Jun-Wei Lee, Kuen-Haur Lee

   Abstract—There is a wide range of drugs and combinations

under investigation and/or approved over the last decade to treat

colorectal cancer (CRC), but the 5-year survival rate remains poor at

stages II–IV. Therefore, new, more efficient drugs still need to be

developed that  will  hopefully  be included in  first-line  therapy or

overcome resistance when it appears, as part of second- or third-line

treatments in the near future. In this study, we revealed that heat

shock protein 90 (Hsp90) inhibitors have high therapeutic potential

in CRC according to combinative analysis of NCBI's Gene Expression

Omnibus  (GEO)  repository  and  chemical  genomic  database  of

Connectivity Map (CMap). We found that second generation Hsp90

inhibitor, NVP-AUY922, significantly down regulated the activities of

a broad spectrum of kinases involved in regulating cell growth arrest

and death of NVPAUY922-sensitive CRC cells.  To overcome NVP-

AUY922-induced upregulation of survivin expression which causes

drug  insensitivity,  we  found  that  combining  berberine  (BBR),  a

herbal medicine with potency in inhibiting survivin expression, with

NVP-AUY922 resulted in synergistic antiproliferative effects for NVP-

AUY922-sensitive  and  -insensitive  CRC  cells.  Furthermore,  we

demonstrated that treatment of NVP-AUY922-insensitive CRC cells

with the combination of NVP-AUY922 and BBR caused cell growth

arrest  through  inhibiting  CDK4  expression  and  induction  of

microRNA-296-5p  (miR-296-5p)-mediated  suppression  of  Pin1–β-

catenin–cyclin  D1  signaling  pathway.  Finally,  we  found  that  the

expression level of Hsp90 in tumor tissues of CRC was positively

correlated with CDK4 and Pin1 expression levels. Taken together,

these results  indicate that  combination of  NVP-AUY922 and BBR

therapy can inhibit multiple oncogenic signaling pathways of CRC.

  Keywords—berberine, colorectal cancer, connectivity map, heat

shock protein 90 inhibitor
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Abstract—This study was designed to evaluate whether carvacrol 
(CAR) could provide protection against lung injury by acute 
pancreatitis development. The rats were randomized into groups to 
receive (I) no therapy; (II) 50 µg/kg cerulein at 1h intervals by four 
intraperitoneal injections (i.p.); (III) 50, 100 and 200 mg/kg CAR by 
one i.p.; and (IV) cerulein+CAR after 2h of cerulein injection. 12h 
later, serum samples were obtained to assess pancreatic function the 
lipase and amylase values. The animals were euthanized and lung 
samples were excised. The specimens were stained with 
hematoxylin-eosin (H&E), periodic acid–Schif (PAS), Mallory's 
trichrome and amyloid. Additionally, oxidative DNA damage was 
determined by measuring as increases in 8-hydroxy-deoxyguanosine 
(8-OH-dG) adducts. The results showed that the serum activity of 
lipase and amylase in AP rats were significantly reduced after the 
therapy (p<0.05). We also found that the 100 mg/kg dose of CAR 
significantly decreased 8-OH-dG levels. Moreover, the severe 
pathological findings in the lung such as necrosis, inflammation, 
congestion, fibrosis, and thickened alveolar septum were attenuated 
in the AP+CAR groups when compared with AP group. Finally, the 
magnitude of the protective effect on lung is certain, and CAR is an 
effective therapy for lung injury caused by AP. 

 
Keywords—Antioxidant activity, carvacrol, experimental acute 

pancreatitis, lung injury, oxidative DNA damage. 

I. INTRODUCTION  

CUTE PANCREATITIS (AP) can lead to a systemic 
inflammatory response that often results in acute lung 

injury and single or multiple organ failure [1]. Of the total 
number of patient mortalities due to AP, >50% are ascribed to 
acute lung injury in the early stage [2]. 

Previous studies have demonstrated that pulmonary 
inflammation following pancreatitis-associated oxidative 
stress causes pulmonary swelling, which consequently 
produces secondary micro vascular leakage, alveolar-capillary 
barrier disruption, and even alveolar damage and mortality [3], 
[4]. In AP, pulmonary congestion poses a critical problem due 
to its association with acute respiratory function failure. The 
other pathological findings are characterized as ground a 
significantly wider alveolar septum, alveolar epithelial injury 
and fibrosis [4]. Despite the fact that there have been 
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significant advances in the understanding of the pathogenesis 
of AP, the role of antioxidants in this phenomenon remain 
poorly understood. Antioxidant therapies are thought to 
improve lung morphology [5]. The lack of effective drugs to 
ameliorate the initiation and progression of pancreatitis-
associated oxidative stress has led to increased interest in the 
role that antioxidants may serve in alleviating lung injury. 

CAR, the most active constituent of thyme essential oils 
(EOs), is commonly used over a wide range of doses for 
various therapeutic applications [6], [7]. CAR’s anti-
proliferative, anti-inflammatory, and immune system 
modulation effects limit cancer growth and prevent leukocyte 
proliferation in inflammatory diseases [8]-[10]. It is also 
recognized as a safe food additive and used as flavoring agent 
in packed foods, sweets, beverages, and chewing gum [11], 
[12]. DNA-protective effects of CAR are assessed using 
different techniques. CAR shows high antioxidative 
effectiveness in all assays used [13]. 

In an effort to develop treatment modalities that reduce lung 
injury following AP, we studied whether CAR exerts 
protective effects against AP-induced oxidative lung injury in 
a rat model. Histological examinations were performed to 
determine the morphologic changes in rat lung tissues. To test 
oxidative DNA damage, we measured the DNA base adduct 8-
hydroxy-deoxyguanosine (8-OH-dG), in the pulmonary cells. 
To the best of our knowledge, this is the first study that has 
investigated the protective effects of CAR against AP-induced 
pulmonary injury. 

II. MATERIALS AND METHODS  

A. Animals 

Fifty six male Spraque-Dawley rats (weighing 200-250 g) 
obtained from Medical Experimental Application and 
Research Center, Atatürk University were used. Animals were 
housed inside polycarbonate cages in an air-conditioned room 
(22±2°C) with 12-h light-dark cycle. Standard rat feed and 
water were provided ad libitum. The rats were allowed to 
acclimatize to the laboratory environment for 7 days before 
the start of the experiment. All procedures were performed in 
conformity with the Institutional Ethical Committee for 
Animal Care and Use at Atatürk University (protocol number: 
B.30.2.ATA.0.23.85-11) and the Guide for the Care and Use 
of Laboratory Animals [14]. 

B. Experimental Protocols  

Animals were randomly divided into eight groups (n=7, 
each): (I) vehicle-treated group (control); (II) AP group; (III, 
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IV and V) CAR-treated groups (at three different dose); (VI, 
VII and VIII) CAR-treated AP groups.  

AP was induced by cerulein (Sigma-Aldrich, GmbH, 
Stenheim, Germany) administered i.p. 4 times with 1 h 
intervals at a dose of 50 µg/kg b.wt. AP was assessed after last 
injection of cerulein by measurement of serum amylase and 
lipase levels. Animals without induction of AP (control) were 
treated i.p. with saline at the same time as animals treated with 
cerulein. 

To evaluate the effects of CAR, animals were treated with 
CAR in 10 ml saline (Peptide International Inc, Japan). The 
CAR groups received one i.p. injection of 50, 100 and 200 
mg/kg b.wt. Therapeutic treatments were administered after 2 
h of cerulein injection. The rats were anesthetized with 
isoflurane after 12 h taking CAR and euthanized by 
exsanguination with blood retained for serum harvest. These 
investigations stem from the works of the researchers [15], 
[16]. 

C. Biochemical Analyses  

Blood for serum amylase determinations was obtained from 
all animals when they were anesthetized. Serum amylase and 
lipase levels were determined spectrophotometrically using an 
automated analyzer (Olympus AU 600, Diamond Diagnostic, 
Holliston, USA). All chemicals were obtained from Sigma 
(Sigma, St Louis MO, USA). 

Tissue specimens were obtained from all animal groups for 
determination of malondialdehyde (MDA), superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase 
(GSH-Px). SOD activity was studied on hemolysates by using 
commercial kits (Randox Laboratories, UK) [17]. CAT 
activity was measured according to Aebi’s method [18]. The 
principle of the assay is based on determining the rate constant 
[k (s−1)] of hydrogen peroxide decomposition by the catalase 
enzyme. 

Plasma thiobarbituric acid reactive substance (TBARS) 
levels were determined according to Schoenberg’s method 
[19]. Lung MDA levels were determined on erythrocyte lyte 
obtained after centrifugation. After the reaction of 
thiobarbituric acid with MDA, the reaction product was 
extracted in butanol and was spectrofluorometrically 
(excitation 532 nm, emission 553 nm, slit 10 nm) evaluated. 
Tetramethoxypropane solution was used as standard. TBARS 
levels in the lung tissue were expressed as nmol/g. 

GSH-Px activity in the pulmonary tissue was measured by 
the method described previously [20]. The reaction mixture 
was 50 mmol/l tris buffer (pH 7.6) containing 1 mmol/l of 
Na2EDTA, 2 mmol/l of reduced glutathione (GSH), 0.2 
mmol/l of NADPH, 4 mmol/l of sodium azide, and 1000 U of 
glutathione reductase (GR). 50 μl of plasma and 950 μl of 
reaction mixture, or 20 μl of erythrocyte lysate and 980 μl of 
reaction mixture were mixed and incubated for 5 min at 37 °C. 
Then the reaction was initiated with 8.8 mmol/l H2O2 and the 
decrease in NADPH absorbance was followed at 340 nm for 3 
min. Enzyme activities were expressed as U/g in the lung 
tissue. 

D. Histopathological Examination  

The lung tissues of rats were fixed in buffered 10% 
formalin solution for 24 h and embedded in a paraffin wax. 
Tissues were then sectioned at 5 μm, stained with H & E, 
PAS, Mallory trichrome and amyloid methods. A 
semiquantitative evaluation of lung tissue was accomplished 
by scoring the degree of severity according to the formerly 
published criteria [21], [22]. For each lung section, whole 
slide was examined for necrosis, infiltration, congestion, 
fibrosis and thickened alveolar septum were observed under 
bright field using an Olympus BX60 microscope equipped 
with a digital CCD. In addition, high-resolution pictures 
(×200) of samples were taken under the same microscope. The 
lung damage was scored with maximum score of 18. The 
maximum score for the other pathological findings was 3.  

E. Determination of 8-OHdG Level 

8-hydroxy-2'-deoxyguanosine assay kits were purchased 
from Cayman Chemical (Ann Arbor, Michigan, USA) for 
determining 8-OH-dG levels in the lung samples. Since it is a 
competitive assay that can be used for the quantification of 8-
OH-dG in homogenates and recognizes both free 8-OH-dG 
and DNA-incorporated 8-OH-dG, many researches are being 
performed to use this protocol. This assay depends on the 
competition between 8-OHdG and 8-OHdG-
acetylcholinesterase (AChE) conjugate (8-OH-Dg Tracer) for 
a limited amount of 8-OH-dG monoclonal antibody. All 
procedures were carried out in accordance with the provider 
manual. 

F. Statistical Analysis 

For statistical analysis, we used SPSS for Windows 18.0 
(SPSS Inc., Chicago, USA). The experimental data were 
analyzed using one-way analysis of variance (ANOVA) 
followed by Tukey post hoc test for multiple comparisons. 
Results are presented as mean ± standard deviation (SD) and 
values p <0.05 were regarded as statistically significant. 

III. RESULTS  

Table I shows the effects of CAR on serum amylase and 
lipase levels in all experimental groups. The amylase rates in 
cerulein-induced AP were increased from an average 505 U/L 
to about 2366 U/L as compared with those of control rats. 
Similarly, lipase enzyme was greatly affected and increased 
from 23 µg/L to 126 µg/L by AP. The enzyme activation was 
not changed following intraperitoneal injection of CAR alone. 
After CAR treatments in animals with AP, positive effects on 
enzymes were observed and the values significantly were 
decreased with respect to 100mg/ kg dose of CAR (p<0.05).  

The SOD, CAT, and GSH-PX activities in lung of AP rats 
markedly decreased but MDA increased compared to those 
found at controls (p<0,05). CAR groups alone showed the 
increased levels of antioxidant enzymes at both dosages (50 
and 200 mg/kg, respectively). In these groups, MDA values 
were not changed. However, the best results were observed in 
a dose of 100 mg/kg of CAR. The activities of all enzymes 
were increased. Moreover, oxidative stress was significantly 

Tokyo Japan May 26-27,  2016, 18 (5) Part XXIII

3372 127



decreased at this group and values returned to the control 
levels  

 
TABLE I 

THE EFFECT OF CAR TREATMENT ON SERUM AMYLASE AND LIPASE LEVELS 

IN CERULEIN-INDUCED AP 

Groups 
Amylase (U/L) 

Mean±SD 
Lipase (U/L) 

Mean±SD 
Control 505.85 ± 19.98a 23.52 ± 1.20a,b 

AP 2366.56 ± 443.51*d 126.33 ± 9.38*d 

CAR 50mg/kg 517.64 ± 26.01a 24.01 ± 1.67a,b 

CAR 100mg/kg 492.29 ± 35.25a 22.67 ± 2.03a 

CAR 200mg/kg 498.38 ± 22.85a 23.89 ± 0.96a,b 

AP+CAR 50mg/kg 1334.43 ± 291.25*b,c 92.40 ± 11.40*c 

AP+CAR 100mg/kg 709.68 ± 41.69a,b 39.14 ± 3.47b 

AP+CAR 200mg/kg 1739.51 ± 367.98*c,d 110.27 ± 5.82 *d 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0.05 represents 
significant difference among the groups compared to controls. a, b, c, d The 
groups in the same column with different letters are statistically significant (p 
< 0.05). Abbreviations used: AP: Acute pancreatitis; CAR: Carvacrol 
 

Representative images of histological examination of lung 
tissue in different groups of rats are presented in figures. In 

H&E stains in comparison to the controls (Fig. 1), the 
microscopic observations of lung in AP rats showed leukocyte 
infiltration, hemorrhage, marked alveolar thickening, 
congestion, smooth muscle hypertrophy, increased fibrosis 
and desquamated epithelial cells in bronchial lumina (Figs. 2 
(a)-(d)), (Figs. 3 (a)-(d)). 

 

 

Fig. 1 Light microscopic appearances of lung from control rats. 
Alveoli (A), Bronchial (B), Vessel (V), (H&E)

 
TABLE II 

EFFECT OF CAR TREATMENT ON LUNG SOD, CAT, GSH-PX ACTIVITIES AND MDA LEVELS IN CERULEIN-INDUCED AP 

Groups 
MDA 

(nmol/g) 
Mean±SD  

SOD 
 (U/g) 

Mean±SD 

GSH-PX 
(U/mg-protein) 

Mean±SD  

CAT (U/mg-protein) 
Mean±SD 

Control 0.26 ± 0.08a 221.40 ± 45.14a 198.56 ± 32.25a 2.36 ± 0.15a,b 

AP 0.82 ± 0.19*b 102.24 ± 22.29*c 86.79 ± 21.12*c 0.74 ± 0.10*c 

CAR 50mg/kg 0.25±0.07a 207.16±39.32a 210.82±44.31a 2.43±0.20a 

CAR 100mg/kg 0.23±0.06 a 211.20±51.22a 201.53±27.16a 2.34±0.23a,b 

CAR 200mg/kg 0.24±0.09a 215.21±27.36a 216.19±35.27a 2.48±0.19a 

AP+CAR 50mg/kg 0.62±0.17*b 109.64±19.51*c 107.86±22.65*b,c 0.85±0.09c 

AP+CAR 100mg/kg  0.27±0.11a 206.42±31.42*a 194.72±40.39*a,b 2.22±0.14b 

AP+CAR 200mg/kg 0.77±0.16*b 106.31±25.54*c 94.45±19.53*c 0.81±0.11*c 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0,05 represents significant difference among the groups compared to controls. a, b, c, d, e, f The 
groups in the same column with different letters are statistically significant (p0.05). For abbreviations see legend in Table I.  
 

 
Fig. 2 The lung in the AP group (a) Vacuolisation (double arrow), 
Infiltration (I); (b) Diffuse haemorrhage in necrotic lung (H); (c) 

Congestion in bronchial (C), Prominent thickening of alveolar walls 
(asterix symbol); (d) Congestion in vessel (C), (H&E) 

 
Fig. 3 The lung lesions in the AP group (a) Infiltration (I), 

Congestion (C), (b) Interstitial fibrosis (F), (c) Extensive fibrosis 
tissue around the blood vessels, (d) Desquamated epithelial cells 
(black arrow), Smooth muscle hypertrophy (white arrow), (H&E) 
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Compared with the control group, PAS staining revealed 
positive mucus-containing goblet cell hyperplasia and 
desquamated epithelial cells in bronchial sinus in lung of AP-
induced rats (Figs. 4 (a)-(c)). Mallory trichrome showed 
increased intensity of fibrosis in bronchial and also interstitial 
fibrosis in animals with AP (Figs. 5 (a)-(d)). And the protein 
deposits in alveoli and alveolar septums were revealed by 
Amyloid staining method (Figs. 6 (a) and (b)).  

 

 
Fig. 4 The lung in control and AP rats (a) The lung in controls. The 

lung lesions in AP rats. Alveoli (A), (b) PAS positive mucus-
containing goblet cells (black arrows), Bronchial (B), (c) 

Desquamated epithelial cells (white arrows), (PAS) 
 

 
Fig. 5 The lung in control and AP rats (a) The lung in controls. The 

lung lesions in AP rats. Alveoli (A), Vessel (V), (b) Fibrosis tissue in 
bronchial walls (arrows), Bronchial (B), Alveoli (A); (c) İnterstitial 

fibrosis (F); (d) PAS positive mucus-containing goblet cells (arrows), 
(Mallory trichrome) 

 
Fig. 6 The lung in control and AP rats. (a) The lung in controls. The 

lung lesions in AP rats. Alveoli (A), (b) The protein deposits in 
alveoli (white arrow) and alveoli septum (black arrow), Alveoli (A), 

(Amyloid) 
 

Examination of lung sections in CAR groups revealed that 
the tissue retained its normal architecture (at 50, 100 and 200 
mg/kg) (data not shown). In the 50 mg/kg CAR+AP groups, 
above-mentioned pathological findings were attenuated. There 
were reduction of hemorrhage and alveolar thickening. In lung 
of AP groups after treatment with 200 mg/kg CAR decreased 
congestion. However, in this group still had higher 
hemorrhage than those in the first. In 100 mg/kg CAR doses, 
the lung tissue showed a normal structure and orderly 
arrangement and resembled those of control rats (Figs. 7 (a)-
(c)). As a matter of fact, PAS positive mucus-containing 
goblet cell hyperplasia and desquamated epithelial cells were 
not observed. Also, fibrosis and abnormal protein 
accumulations in tissue did not occur (Figs. 8 (a)-(c)).  

 

 
Fig. 7 The lung tissue following CAR exposure in AP rats (a) 

Reduction of haemorrhage and decreased alveolar thickening in 
AP+50 mg/kg CAR group, (b) The use of 200 mg/kg CAR decreased 

congestion, but AP+200 mg/kg CAR group showed more 
haemorrhage than AP+500 mg/kg CAR group. Branchial epithelial 

cells (black arrow), Diffuse haemorrhage in necrotic lung (H), 
Congestion in bronchial (C), (c) In AP+100 mg/kg CAR group, 

normal lung tissue. Alveoli (A), Bronchial (B), Vessel (V), (H&E) 
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Fig. 8 The lung in AP+100 mg/kg CAR group was almost similar to 
that in control group (a) Alveoli (A), Bronchial (B), PAS, (b) Alveoli 

(A), Mallory trichrome, (c) Alveoli (A), Amyloid 
 

Histopathological scores of the groups were summarized in 
Table III. The degree of pathological findings showed a 
significant difference between groups treated with cerulein 
and cerulein+CAR (p<0.05).  

The levels of 8-OH-dG, a hallmark of oxidative stress-DNA 
base damage, were measured using an 8-OH-dG detection kit. 
There was no significant difference between the levels of 8-
OH-dG in the control and all CAR treated groups (Table IV). 
On the contrary, the level of 8-OH-dG was significantly 
higher in AP as compared to control group. But treatment of 
CAR decreased the 8-OH-dG levels that were increased by 
cerulein-induced AP in a clear dose dependent manner.  

IV. DISCUSSION 

The most feared complication in AP is lung failure [23]. 
Although the exact mechanisms remain elusive, it has been 
reported that oxidative stress plays an important role in 
promoting lung damage in AP.  An improved understanding of 
the oxidative stress mechanism operating in the lung is 
necessary for the development of new therapies against tissue 
damage in AP [24], [25]. This study documents a fundamental 
role of oxidative stress in the pathophysiology of AP. 
Inhibition of oxidative stress decreased ROS formation, 
leukocyte recruitment, and tissue damage in the lung. Thus, 
targeting oxidative stress might protect against pathological 
inflammation in AP. 

 
TABLE III 

HISTOPATHOLOGICAL SCORES OF LUNG IN CERULEIN-INDUCED AP 

Groups 
Lung necrosis 

(maximum score 18)  
Mean±SD 	

Infiltration  
(maximum score 3) 

Mean±SD  

Alveolar Thickening 
(maksimum score 3) 

Mean±SD  

Fibrosis (maximum 
score 3) 

Mean±SD  

Congestion (maximum 
score 3) 

Mean±SD 
Control 1.6±1.737a 0,400± 0,516 a 0,900± 0,738 a 0,00±0,00a 0,300±0,483 a 

AP 5.94±0.77*c 1.37±0.15*c 1.94±0.11*c 0.7±0.16*c 0.8±0.18*c 

CAR 50mg/kg 1.269±0.419a 0.289±0.13a 0.72±0.047a 0.02±0.01a 0.21±0.212a 

CAR 100mg/kg 1.444±1.4a 0.364±0.42a 0.80±0.548a 0.01±0.01a 0.27±0.412a 

CAR 200mg/kg 1.338±0.682a 0.468±0.34a 0.64±0.154a 0.04±0.01a 0.18±0.168a 

AP+CAR 50mg/kg 3.29±0.64b 0.92±0.10b 1.19±0.12b 0.21±0.11b 0.39±0.21b 

AP+CAR 100mg/kg  1.57±0.81 a 0.13±0.04 a 1.02±0.13 a 0.05±0.14 a 0.33±0.37 a 

AP+CAR 200mg/kg 2.43±0.22 b,c 1.05±0.08 b,c 0.36±0.02 b,c 0.38±0.02 b,c 0.03±0.08 b,c 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0,05 represents significant difference among the groups compared to controls. a, b, c The groups 
in the same column with different letters are statistically significant (p<0.05) by Tukey’s multiple range tests. For abbreviations, see legend in Table I.     
 

TABLE IV 
EFFECT OF CAR TREATMENT ON LUNG 8-OH-DG LEVELS IN CERULEIN-

INDUCED AP 

Groups 
8-OH-dG level 

(as pg/ml) Mean±SE 
Control 1.06 ± 0.09a 

AP 4.26 ± 0.21*,d 

CAR 50 mg/kg 0.91 ± 0.09a 

CAR 100 mg/kg 1.03 ± 0.17a 

CAR 200 mg/kg 1.08 ± 0.11a 

AP+CAR 50 mg/kg 2.73 ± 0.14c 

AP+CAR 100 mg/kg 1.78 ± 0.13b 

AP+CAR 200 mg/kg 1.14 ± 0.12a 

Notes: Data are presented as means ± SD (n=7). *Symbol < 0,05 represents 
significant difference among the groups compared to controls. The groups in 
the same column with different letters are statistically significant (p0.05). 

For abbreviations see legend in Table I. 
 

In the present study, we observed for the first time that 
inhibition of oxidative stress by use of CAR in the lung of rat 

exposed to cerulein. As mentioned earlier, a cerulein-
stimulated rat model has broadly been used as an experimental 
model of oxidative stress organ damage, therefore we 
employed an AP animal model instead of using human tissue 
in this study, as human tissue is extremely difficult to obtain. 
In this model, cerulein causes lung complications with 
extensive lipid peroxidation, producing some metabolites such 
as MDA. Hence cerulein can induce systemic diseases in 
organs such as the pancreas, heart, kidneys, liver, and lung as 
well [26], [27]. In our study, lipid peroxidation was elevated in 
the lung of rat after exposure to cerulein, as evidenced by 
increased MDA production. MDA is a highly biologically 
active oxidative degradation product from membrane 
unsaturated fatty acids. As such, MDA serves as a reliable 
biomarker of lipid peroxidation [28]. We also analyzed the 
correlation of oxidative stress with the pathological lung 
changes and the level of the antioxidant enzymes. Here in, we 
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demonstrated that administration of CAR reduced levels of 
MDA and the activity of antioxidant enzymes significantly 
increased in lung of animals exposed to cerulein. Essential oils 
rich in CAR possess strong antioxidant properties and also 
increase the activity of endogenous antioxidants [29], [30] 
Antioxidants are ubiquitously expressed in mammalian cells 
and activation of enzymes such as SOD, CAT and GSH-PX 
promote cell defense [31]-[34]. A recent study reports that 
CAR prevents lipid peroxidation, cell damage, and protects 
the antioxidant system in tissue that also may support the 
results of the present study [35]. 

We also diagnosed AP by histopathological examination. 
The lung specimens of AP groups showed histopathological 
alterations such as leukocyte infiltration desquamated 
epithelial cells in bronchial lumina, congestion, hemorrhage, 
protein leakage, marked alveolar thickening and increased 
fibrosis [36]. We observed all of these histopathological 
alterations in our experimental AP model. As discussed below, 
we demonstrate that pathological changes are significantly 
attenuated by administration of CAR.  

The AP-induced inflammatory response often causes acute 
lung injury with a mortality rate of up to 40% [37]. 
Considered together, our findings add AP to the growing list 
of inflammatory diseases in which ROS inhibition appears to 
be of beneficial value. In the present study, we found that 
cerulein enhanced the number of extravascular leukocyte in 
the lung. Convincing data have documented a key role of 
leukocytes in the induction of AP. For example, depletion of 
leukocytes markedly decreases tissue damage in AP [38]. 
Considering the tight relationship between leukocyte 
recruitment and tissue damage in AP, it is suggested that this 
potent inhibitory effect on infiltration at least partly help 
explain the protective effect of CAR in the inflamed lung.  

Our presented data demonstrate that AP enhances amylase 
and lipase concentration in blood and also leads to major cell 
degenerations in the lung epithelium. The pulmonary 
inflammation causes lung injury, which is often characterized 
by apoptosis of lung epithelial cells [39], [40]. Also, the acute 
lung injury occurs as a consequence of markedly increased 
endothelial and epithelial permeability, with protein deposits 
into the vessels and interstitial tissues, leading to decreased 
gas exchange. Hence AP is closely associated with acute lung 
injury [37], [41]. In our study, CAR effectively prevents the 
leakage of protein in rats with pancreatitis. It is reported that 
CAR protects the cells against H2O2-induced cytotoxicity and 
membrane damage [42]. On the other hand, AP causes acute 
thrombus formation in the vessels of rat lung as previously 
reported, and congestion in the vessels is the histopathological 
event that preceded thrombus formation. Besides, hemorrhage 
is observed in the interalveolar septa as extravasated 
erythrocytes accompanied with congestion [37], [43]. In vitro 
studies reveal that CAR possesses therapeutic characteristic, 
including antithrombotic property, in both lung and breast 
tissues [44]. Thus, CAR in the present study does not increase, 
but reduces the risk for congestion in animals with AP. 

The excessive collagen production results in fibrosis and 
thickening of alveolar septa associated with poor elasticity and 

exchange of respiratory gases [45]. The development of 
therapeutic strategies compels a better understanding of the 
cellular and molecular mechanisms of fibrosis, which are 
diverse, complex, and redundant. Although there is growing 
evidence that oxidative stress is related to advanced lung 
fibrosis, the pathophysiological mechanisms still need to be 
defined [46]. In this context, we think that oxidative stress 
mechanism in AP, by directly inducing fibrotic processes, 
could possibly play a significant role in the eventual outcome. 
It has been documented that elevated oxidative stress and 
diminished antioxidant defense induced pulmonary fibrosis 
[47]. Experimental studies on CAR have confirmed its 
beneficial effects on cellular immunity to oxidative stress, 
reduction of fibrosis, suppression of inflammation, regulation 
of metabolism [48]. It has been shown that CAR regulates 
collagen expression in fibrosis and that CAR supplementation 
provides significant protection against oxidative stress-
mediated complications and strengthens antioxidant defenses 
[27]], [49]. Therefore, the activation of CAR may become a 
therapeutic target to improve the clinical outcome of lung 
diseases. 

Although the number of studies on genotoxic effects of 
CAR is still limited, the available data discussed that the use 
of CAR does not pose a risk to the consumer. Regarding the 
safety of CAR, our findings shown that 8-OH-guanine 
formations were not detected at all CAR concentrations tested. 
In previous studies, the genotoxic potential of CAR has been 
suggested to be weak in the DNA-repair test and the SOS-
chromotest [50] and contradictory results have been reported 
with the Ames mutagenicity assay [51]. On the other hand, 
CAR seemed to protect against peroxide and mutagen-induced 
DNA damage in human lymphocytes [52], [53]. 

8-OH-guanine has been used widely for the detection of 
oxidative DNA base damage [54]. In our experimental study, 
AP induced 8-OH-guanine formations in pulmonary cells. 
However, CAR showed antioxidant activity and decreased 8-
OH-guanine production. The effect of CAR was not 
concentration depended and the effects on different parameters 
significantly increased with 100 mg/kg concentration of CAR. 
The effects of higher concentration of CAR (200 mg/kg) on all 
measured parameters were lower than its two lower 
concentrations. Incubation of mammalian cells in the presence 
of the whole scale of concentrations of CAR led to a 
significant protection of the cells studied toward DNA strand 
breaks induced by a potent oxidant hydrogen peroxide [55]. A 
study indicated a lack of clastogenic activity for CAR at 
biologically relevant concentrations, and a moderate 
antioxidant activity in vitro [56]. However, if the use of CAR 
compounds is extended to other applications that may require 
higher doses, the increased exposure of humans to this 
compound is a matter of concern [57]. Hence the 
concentration dependent effects of CAR are discussed [45]. At 
this point, we think that comprehensive studies are needed 
before CAR is used for the clinical application. 

To the best of our knowledge, this is the first study 
reporting that CAR is useful in preventing AP-induced lung 
injury by attenuating oxidative stress and inflammation. These 
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results are supported by biochemical and genotoxicity studies, 
and also histopathological observations. Our in vivo data show 
that 100 mg/kg CAR can be considered potential candidate for 
the treatment of lung in AP. 
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Auxin and Siderophore Fast Detection by

Microplate Technique

Anguiano Cabello Julia Cecilia, Flores Olivas Alberto, Aguilar González Cristóbal Noé, Arredondo Valdés Roberto, Laredo Alcalá

Elan Iñaky

   Abstract—Plant-growth promotion is able by exogenous addition

of  compounds  as  auxins,  siderophore,  inorganic  acids  and

antibiotics,  produced  by  plant-growth-promoting  rhizobacterias

(PGPR) as some Bacillus species. Those bacterias have to be isolated

from  soil  and  then  evaluated  for  metabolites  growth  promoter

production. Some techniques have been developed for metabolite

quantification or detection, especially chromatographic techniques

and colorimetric methods. For auxin quantification or detection the

salkowski reagent technique is the most used, and for siderophores

detection  the  CAS  media.  Even  though,  those  techniques  are

expensive or have to be evaluated sample by sample, and it makes

the process slow. For these reason, the aim of the present research

was developed a fast microplate technique for auxin and siderophore

detection,  using  salkowski  reagent  for  auxin  and  CAS  media

reagents  for  siderophore,  using different  solvents  and incubation

time.  Finally,  were  evaluated  by  those  microplate  technique  the

auxin and siderophores production in Bacillus subtilis filtrates.

  Keywords—auxin, siderophore, microplate, bacillus
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Flood Risk Assessment and Adapted to the Climate

Change by a Trade-Off Process in Land Use

Planning

Nien-Ming Hong, Kuei-Fang Huang

   Abstract—Climate change is an important issue in future, which

for a long term planning and management in water resource. Flood

assessment is highly related with climate and land use. For adapting

the impacts of climate change, a land use planning is a good strategy

for  flood  reduce.  The  study  is  to  build  a  trade-off  process  with

different land use types. The Ta-Liao watershed is the study area

with three types of land use that are build-up, farm and forest. The

build-up area is concentrated in the downstream of the watershed.

Different rainfall amounts are applied for assessing the land use in

1996, 2005 and 2013. The adapted strategy is based on retarding the

development of  urban and a trade-off  process.  When a land use

change  is  from  farm  areas  to  built-up  areas  in  downstream,

searching for  a  farm area change to  built-up area or  building a

retention areas in the upstream. For assessing the effects of the

strategy, the inundation area are simulated by the Flo-2D model with

different rainfall conditions. The results show that inundation map of

several cases of land use change planning. The results also show the

trade-off strategy can decrease the inundation area and divide the

concentrated inundation area, which are better than retarding urban

development.  The  land  use  change  usually  is  non-reverse,  the

planning should be done before the climate change.

  Keywords—climate  change,  land  use  change,  Flood  risk

assessment, land use planning
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Quantification of Enzymatic Activities of Proteins,

Peroxidase and Phenylalanine Ammonia Lyase, in

Growing Phaseolus vulgaris L, with Application

Bacterial Consortium to Control Fusarium and

Rhizoctonia

Arredondo Valdés Roberto, Hernández Castillo Francisco Daniel, Laredo Alcalá Elan Iñaky, Gonzalez Gallegos Esmeralda,

Castro Del Angel Epifanio

   Abstract—The common bean or Phaseolus vulgaris L. is the most

important  food  legume  for  direct  consumption  in  the  world.

Fusarium dry  rot  in  the  major  fungus  disease  affects  Phaseolus

vulgaris L, after planting. In another hand, Rhizoctonia can be found

on all underground parts of the plant and various times during the

growing season. In recent years, the world has conducted studies

about the use of natural products as substitutes for herbicides and

pesticides,  because of  possible  ecological  and economic benefits.

Plants respond to fungal invasion by activating defense responses

associated  with  accumulation  of  several  enzymes  and  inhibitors,

which prevent pathogen infection. This study focused on the role of

proteins, peroxidase (POD), phenylalanine ammonia lyase (PAL), in

imparting  resistance  to  soft  rot  pathogens  by  applied  different

bacterial consortium, formulated and provided by Biofertilizantes de

Méxicanos  industries,  analyzing  the  enzyme  activity  at  different

times of application (6 h, 12 h and 24 h). The resistance of these

treatments was correlated with high POD and PAL enzyme activity

as well as increased concentrations of proteins. These findings show

that PAL, POD and synthesis of proteins play a role in imparting

resistance to Phaseolus vulgaris L. soft rot infection by Fusarium and

Rhizoctonia.

  Keywords—fusarium, peroxidase, phenylalanine ammonia lyase,

rhizoctonia
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Introduction 



The limits of  climate  

and geographic condition   

Lack of effective and  

mandatory regulation 

Lack of effective  

inspection methods 

Legislation 

By EIA Act  

regulation 

Innovation 

Research effective  

inspection methods 

Vision 

Water resources 

 sustainability  

First, the effective and suitable methods were developed 
by Taiwan EPA, such as calculation  formulas and factors.  
We expect to enhance water resources management  by 
inspection which based on the suitable methods . 

Face water scarcity  crisis 

Introduction 



5 

Methodologies 

Environmental promise 
Ex. For high-tech industries 

 Process water recovery rate  

would be reach 85%. 

 Total water recovery rate  would 

be reach 75%. 

By EIA Act regulation 
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Enterprises 
Environmental Promise 

Process water recovery rate Total water rate 

Hsinchu 

Science 

Park 

Hsinchu zone 1 

After 1999：85% 

－ Between 1994～1999：70% 

 Before 1994：50% 

Hsinchu zone 2 85%  － 

Hsinchu zone 3 85% 60% 

Hsinchu zone 4 85% 75% 

Taichung 

Science 

Park 

Taichung  zone1 
Semiconductor  Industries：85% 

－  
Semiconductor  Industries：80% 

Taichung  zone2 
Semiconductor  Industries：85% 

－  
Photoelectron Industries：85% 

Taichung  zone3 Total water rate：85% 

Tainan 

Science 

Park 

Tainan zone1 
Semiconductor  Industries：85% 75% 

Photoelectron Industries：85% 75% 

Tainan zone2 85% 75% 

Methodologies-Environmental promise  

We have accomplished the inspection of 65 high-tech companies that daily 
water consumption is over 1,000 tons individually located at 3 science parks  
in Taiwan last year.   



Methodologies 
                                                                                                                                                

EIA 

Inspection  

Plan 

Professional 

training 

Invited leading experts 
and some related officials  
to discuss  the project 

Action 

7 

Training before 

action 

 finalized the manual 
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Inspection process 

8 



Inspection process 

9 



Inspection process 

10 



An amount of 395 million  

tons water has to reuse 

 per year at least. 
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Major findings 

 3 science parks, including 

65 enterprises were 

inspected. 

As a result, all of the 

enterprises met the 

request of their 

environmental promise. 

 

Great achievement 

on water recycling 

was achieved at an 

amount of 429 

million tons per 

year. 

Environmental promise 



Major findings 

 

 

170 thousand 
international 

standard 
swimming 

pools 

40 thousand 
hectares of rice 

fields 

2.5 months water 
usage for general 
public in Taiwan 

1.7 Taipei Feitsui 
Reservoir of reservoir 

storage 

Bottles of  

600 ml cola 

International 
standard swimming 
pools of 2,500 tons 

Some 1,000 tons  
irrigation water 

for per hectares of 
rice fields  

Daily water 
consumption for 1 
person is about 250 

liters 

The reservoir 

storage of Taipei 

Feitsui  Reservoir 

is about 250 million 

tons  

總製程
重複利
用水量 

12 

710 

billion 

bottles 



EIA superivsing is one  

of  the methods to  

achieve environmental  

protection and  

sustainability. 

Conclusions 

13 
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