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摘要
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重金屬在自然物質中的濃度很低，濃度在μg/g甚至ng/g等級，又稱微量金屬(元素)。部分重金屬也被視為”微量營養鹽”，如銅、鎘、鋅、鎳等，提供生物生長所需的養分。而東沙環礁位於北南海地區，距離大陸陸塊較遠，人為活動較少，人為所造成的污染也低，因此可作為一個重金屬於自然環境變化所帶來的影響以及地理環境不同的觀測站。

東沙環礁受季風影響，此處在11月至4月為東北季風，6~9月則吹西南季風，5跟10月則是風向轉變月份。南海可偵測到冬季由大陸傳輸以及亞洲沙塵的訊號。氣膠顆粒沉降至東沙水域，經分解、溶於水中會影響東沙水域的水質，其中也包含重金屬。海水能較快的反應出水體重金屬變化的濃度，卻也很快水團混合而稀釋。因重金屬的水樣採集以及分析較繁雜，長期且連續監測難度較高。而東沙海草床面積龐大，且廣泛分布於各淺海區域，而海草被廣泛利用作為環境監測的生物性指標。因此，本研究長期取得圓葉水絲草(Cymodocea rutundata)樣本，並以針刺法測量海草的生長長度，以一周為單位，分析一周內該海草生長所累積的重金屬量，並長期觀察重金屬變化趨勢。海水以及沈積物作為海草生長環境的物質，分析並比較相互間的影響關係以及兩者對於海草累積重金屬的影響程度。

本研究由執行開始共上島四次，分別為2015年3月、4月、6月及9月，進行島周邊三個測站及環礁內外七個測站海水、海草以及沈積物樣本取得、海草一周生長測量等工作。期間也委託駐島助理協助取得島周圍海草樣品，以便分析海草重金屬連續性的變化。

本次研究主要分析銅、鎘、鉛、鋅、鎳五種元素，從海水的資料並無法看出季節性變化，但島周圍測點站因人為活動影響，各金屬濃度明顯高於環礁周圍的測站。圓葉水絲草的生長，在島南岸一周生長最高可達4公分，明顯高於小潟湖以及島北岸的2.2及2.5公分。同時也發現，島北岸的海草銅濃度，明顯高於小潟湖以及島南岸 (p=0.0002)，而鉛在不同季風時期的資料有明顯的差異(p<0.0001)，表示鉛濃度會受到季風的影響。銅以及鋅濃度也有顯著的相關性(p=0.0023)，推測圓葉水絲草對於兩種重金屬的需求及吸收機制相似。

島上的污水排放管路設立於小潟湖內，雖未造成生態破壞，但小潟湖的水體流動較差，物質容易累積。可考慮將管路改至較開放的水域，水團流動較好的環境也對於人為物質的稀釋效果較好，可避免長期人為物質累積造成的生態影響。
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Trace metal concentrations in natural material are generally low, from ng/g to μg/g ranges, in pristine environments. Some trace metals such as Cu, Cd, Zn, and Ni are regarded as “micro-nutrient” for organism.

Dongsha atoll is located in the northern South China Sea, and is far from lands and most anthropogenic influences. Also, it is influenced by East Asian monsoons; the northeast monsoon prevails in the winter and the southwest monsoon in the summer. Because there has a bigger continent located on the north of Dongsha, it can be assumed that the composition of aerosol has seasonal variability over the South China Sea. Also, human activities in China result in greater extent of human influence in adjacent areas. Once the aerosol fall on the sea, chemicals may be disassociated and result in increases of trace metal concentrations in the waters. Dongsha atoll is an ideal place to study seasonal change of trace metals and monitor the human impact. Seawater can immediately reflect the change of trace metal concentrations but they are diluted quickly in the water. Furthermore, sampling and analyzing metals in seawater are difficult and complicated, so it is not suited for long-term monitoring. Seagrass, on the other hand, is commonly used as biological indicator and they are widely distributed around the Dongsha Atoll. We collected Cymodocea rotundata and used pin-method to measure the growth of seagrass. 

We analyzed the trace metal concentrations in C. rotundata shoots (leaves associated root and rhizome, here we chose the freshly grown part in a week.) to investigate its seasonal changes. We also collected seawater and sediments in order to investigate if there are any environmental effects on seagrass trace metal content. 

We visited the Dongsha Atoll four times, collecting water, seagrass and sediment samples. The research assistants on the Island also helped us collect seagrass samples to obtain samples for long-term monitoring purpose.

We determined concentrations of five elements (Cu, Zn, Cd, Ni, and Pb). Trace metal concentrations in waters from the Island stations were higher than those from atoll stations. It was found that C.rotundata grew ~4 cm in a week at the southern part of the Island, which is faster than those at the small lagoon (2.2 cm) and north of Island (2.5cm). Cu concentration in C.rotundata from the northern island is significantly (p=0.0002) higher than those from the middle and the southern island. Pb concentrations in seagrass were significantly different (p<0.0001) between the two monsoon seasons. Therefore, monsoon can influence concentration of Pb at the Dongsha Atoll. The concentrations between Cu and Zn are significantly correlated (p=0.0023), suggesting that C.rotundata may have a proportional requirement for these two trace metals.
