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摘要 

I 

 

摘要 

    210
Bi 属于铀系衰变链核素，半衰期 5.01 d，母体为 210

Pb，子体为 210
Po。在海

洋学中，对其母体 210
Pb 和子体 210

Po 已有较多的研究，对 210
Bi 的相关研究却鲜

有涉足。 

    Kim 等(2014)认为，210
Bi 有很强的颗粒活性，对 210

Po/
210

Pb 不平衡有重大的

贡献。学者们在利用 210
Po/

210
Pb 不平衡测 POC 输出通量时，均没有考虑 210

Bi 的

影响，可能高估了 POC 通量。因此，有必要研究 210
Bi 的生物地球化学行为特征。 

    Biggin 等(2002)在爱尔兰海东北部的表层海水发现颗粒态中的 210
Bi/

210
Pb 放

射性活度比达 2.90±0.45，溶解态中的比值仅 0.14±0.03，总比值接近 1，这和

Tokieda等(1994)在Funka湾测得的结果一致。但Narita等(1989)和Harada等(1989)

在佛罗里达州的地下水中检测到 210
Bi(16.4±0.6 dpm/L)相对于 210

Pb(0.382±0.065 

dpm/L)大量过剩。二者之间的矛盾以及至今极少的研究报道，使得 210
Bi 的基本

地球化学行为特征极不明确。 

    水体中 210
Bi 的研究需要采集大体积的样品和比较大的工作量，不利于处理

大批量样品。而对沉积物 210
Bi 的研究也极为有限。本论文首次建立了用离子交

换树脂快速分离纯化和 β 计数仪精确测量沉积物 210
Bi 和 210

Pb 的方法。从采样到

210
Bi 的测量可在 2 天内完成；在五份平行样品中，210

Bi 和 210
Pb 平均活度分别为

1.65±0.08和1.67±0.08 cpm/g，平行样相对偏差均不超过5%，方法的平行性良好。

且 210
Bi 和 210

Pb 的滤取效率相等，因而可在同一份样品同时测定 210
Bi 和 210

Pb，

大大减少了试剂用量和工作量。半年后再次测量沉积物中 210
Bi 活度(亦为 210

Pb

活度)为 1.64±0.08 cpm/g (n=4)，方法的重现性良好；总回收率 42.0±1.9%，偏差

小，回收率稳定，无需添加示踪剂。 

    将该方法应用于集美滩涂(JM 站)和九龙江河口柱状沉积物，首次测得三个

站位 210
Bi 和 210

Pb 的垂直剖面，活度分别介于 2.07±0.10 到 4.85±0.30 dpm/g、

2.24±0.11 到 5.25±0.27 dpm/g 之间。在 JM 站和九龙江河口的 A6 站发现，沉积

物柱中 210
Bi 和 210

Pb 基本处于放射性平衡状态；九龙江河口 A3 站沉积物的 210
Bi

和 210
Pb 在 4 cm 以浅和 12 cm 以深无明显的不平衡，4-12 cm 之间则出现了 210

Bi
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II 

 

明显的亏损，其原因尚不明确，需对其进行深入的研究。 

    在九龙江河口，沿盐度梯度采集了 6 个表层沉积物样品，测得 210
Bi 和 210

Pb

的活度分布。结果显示，210
Bi 和 210

Pb 在表层均没有显著差别，盐度对其影响不

大，沉积物性状对 210
Bi 和 210

Pb 活度的影响比较明显。与此不同的是，大嶝岛表

层沉积物出现了 210
Bi 的明显过剩，210

Bi/
210

Pb 比值为 1.27±0.10。 

    本论文对沉积物 210
Bi/

210
Pb 不平衡的研究进行了初步的尝试，但不够深入。

210
Bi 的生物地球化学行为尚需要更多的样品和参数去验证。在后续研究中可以

结合间隙水和上覆水中 210
Bi 和 210

Pb 以及盐度、温度和 pH 进行分析。 

 

 

关键词：210
Bi；沉积物；210

Bi/
210

Pb 不平衡
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Abstract 

210
Bi (half-life = 5.01 d) belongs to the uranium decay series. Its parent and 

daughter nuclides are 
210

Pb and 
210

Po, respectively. Many studies on 
210

Pb and 
210

Po 

have been carried out, but few attempts were made to 
210

Bi. 

Kim et al. (2014) suggested that 
210

Bi might significantly contribute to the 

disequilibrium of 
210

Po/
210

Pb in the water column because of its strong particle 

reactivity. The effect of 
210

Bi is usually ignored in estimating the flux of POC via the 

extent of 
210

Po/
210

Pb disequilibrium, which may overestimate the POC flux. Therefore, 

it’s vital to carry out research on the biogeochemical behaviors of 
210

Bi. 

Biggin et al. (2002) found that in the northeast Irish Sea the activity ratio of 

210
Bi/

210
Pb is 2.90±0.45 in particulate phase, and 0.14±0.03 in dissolved phase. 

Nevertheless, the total activity ratio of 
210

Bi/
210

Pb was close to unity. This result is 

consistent with what Tokieda et al. (1994) found in Funka Bay. In the meantime, 

Narita et al. (1989) and Harada et al. (1989) found remarkable disequilibrium in the 

groundwater of Florida, where the activity of 
210

Bi and 
210

Pb were 16.4±0.6 dpm/L 

and 0.382±0.065 dpm/L respectively. There is no consensus on the 
210

Bi/
210

Pb 

disequilibrium in marine settings. Therefore, there is a pressing need to understand the 

biogeochemical behaviors of 
210

Bi. 

Measurement of 
210

Bi in seawater requires large sample volume and is labor 

intensive. As such, it is not practicable to process large numbers of samples. In this 

thesis, we have established a new protocol to rapidly isolate and accurately measure 

210
Bi and 

210
Pb in sediments. The pre-treament and measurement can be accomplished 

within two days. We have succeeded to acquire excellent parallelity and 

reproducibility in the measurement. The recovery is stable and the protocol does not 

involve a yield tracer. Moreover, the leaching efficiency of 
210

Bi and 
210

Pb are similar, 

thereby greatly reducing the amount of reagent and workload. 

We have applied this method to measure three profiles of 
210

Bi and 
210

Pb in 
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sediment cores collected from the Jimei mud flat and the Jiulong River Estuary. Our 

data showed that 
210

Bi and 
210

Pb reached secular equilibrium at St. JM and A6. At St. 

A3, there was a significant deficit of 
210

Bi relative to 
210

Pb between the depth interval 

of 4-12 cm. There was no significant 
210

Bi deviation in the depth intervals 0-4 cm and 

12-25 cm. The reason of the 
210

Bi depletion is still unclear and warrants further 

research. 

We have measured a total of 6 surface sediment samples of 
210

Bi and 
210

Pb along 

a salinity gradient in the Jiulong River Estuary. The results indicated that there was no 

significant deviation between 
210

Bi and 
210

Pb in the fluid mud. The activities seem to 

be affected by sediment characteristics. In Dadeng Island fluid mud, significant 

excess of 
210

Bi (
210

Bi/
210

Pb=1.27±0.10) have been found. 

Although this thesis represents the first attempt to investigate the disequilibrium 

between 
210

Bi and 
210

Pb, it still requires much more thorough studies. More 

measurement and relevant parameters are needed to understand the biogeochemical 

behaviors of 
210

Bi. In the future, combined measurements of 
210

Bi, 
210

Pb, salinity, 

temperature and pH in porewater and the overlying water may deepen our 

understanding of the biogeochemical behaviors of this isotope pair. 

 

 

Key words: 
210

Bi; sediment; 
210

Bi/
210

Pb disequilibrium 
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