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摘要    微塑料(<5 mm)作为海岸带地区的新型污染物正越来越受到关注. 本研究以我国河北省曹妃甸围填海区

潮滩土壤为例, 采用自行改进设计的连续流动-气浮分离一体化装置, 有效分离和提取了潮滩土壤样品中微塑料,

并结合扫描电子显微镜-能谱仪(SEM-EDS)对微塑料表面的微观特性进行了表征. 研究结果表明, 供试土壤中微

塑料丰度达到317 n/500 g(其中n表示微塑料个数), 平均粒径为1.56±0.63 mm, 其中<1 mm的微塑料占49.8%; 微塑

料丰度上整体呈现随粒径变小而增加的趋势. 在土壤中分离到碎片、颗粒、纤维和薄膜四类微塑料, 其中, 黑色碎

片类微塑料为首次报道的类型. 颗粒类微塑料丰度最大但平均粒径最小. 土壤中微塑料表面均有不同程度的风化

痕迹, 具有不同形态和大小的微孔结构. 在部分微塑料中还发现其表面附着稳定的铁氧化物. 未来需要深入研究

了解基于微塑料表面特性的污染物结合机制、生物积累与生态毒性, 尤其更需关注丰度较高、颗粒更细的<1 mm

的这部分微塑料(MP1). 

关键词    微塑料污染, 表面微形貌, 丰度, 连续流动-气浮分离, 海岸带土壤 
  

 
 
塑料在日常生活中广泛应用 , 但由于其难降解

性, 在环境中长期残留, 并可进行远距离运输 [1]. 环

境中残留的塑料碎片或微塑料(<5 mm), 经过物理、

化学风化作用会进一步裂解成更小颗粒[2]. 例如, 一

个粒径为200 mm的塑料碎片可逐步碎裂成62500个

粒径约为0.8 mm的微塑料[3]. 相比较于塑料碎片, 颗

粒越小的微塑料其表面积越大 , 更易吸附多氯联苯

(PCBs)和多环芳烃 (PAHs)等有机污染物 [4,5]及重金

属 [6]. 同时, 这些小颗粒塑料易被海洋生物误食, 造

成危害 [1,7~10]. 因而 , 海洋及海岸带环境中的微塑料

污染正越来越受到关注[11]. 

环境样品中微塑料的分离提取是开展微塑料污

染研究的关键. 目前, 水面漂浮微塑料主要通过过滤

收集 [12]; 沉积物或土壤等固体样品中微塑料的分离

主要通过浮选分离 , 或者直接通过密度分离的溶液

浮选法 [13~15], 或者利用向悬浊液中通气的气浮分离

法[15~17]等. 但这些方法还存在步骤繁琐、回收率不稳

定、提取效率不高等问题. 分离收集的微塑料样品需

要进一步通过鉴定与表征 , 以明确塑料的成分和特

征. 其中, 表面形貌特征是微塑料研究的一项重要内

容, 可为微塑料的鉴别、分类及其在环境中的分解过

程研究提供重要的依据 [6,18]. Corcoran等人 [13]和Van 

Cauwenberghe等人 [19]都利用扫描电子显微镜(SEM)

观察沉积物样品中微塑料的形貌、轮廓及表面纹理特

征; Eriksen等人[20]通过与能谱分析(EDS)相结合, 鉴

别了表面的元素组成; Ashton等人[6]通过SEM-EDS鉴

定出微塑料扁粒表面的灰化、裂化和粉化等老化特

征. 此外, 为准确鉴定微塑料的成分及表观特征, 通
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常会使用去离子水、盐酸、双氧水或酶消化制剂等溶

液对微塑料表面进行清洗 [15,20~22]. 但目前对不同清

洗方法的适用性以及不同溶液对微塑料表面的影响

尚未见报道.  

本研究以我国北方曹妃甸围填海区潮滩土壤微

塑料调查为例 , 探讨建立了土壤样品中微塑料的分

离方法 , 区分了微塑料类型及其粒径 , 测算了其丰

度 , 并结合前处理方法表征了滨海潮滩土壤中微塑

料表面的形貌, 为我国滨海土壤、沉积物及海滨沙滩

中微塑料的调查和研究提供方法学参考和基础数据

信息. 

1  材料与方法 

1.1  供试土壤样品采集 

供试土壤样品采自曹妃甸围填海区潮滩废弃盐

场, 面积约为5000 m2(图1). 场地内均匀分布着裸露

的老化塑料管、以及零星散布的工程塑料编织袋等. 

随机选择若干1 m×1 m正方形采样点 , 采集表面约  

2 cm厚的土壤, 装入自封袋后带回实验室, 放置于清

洁避光处, 在室温下风干.   

1.2  微塑料回收率试验和供试土壤中微塑料的 

分离 

在Nuelle等人[15]的简易浮选装置基础上, 改进设

计了一套新的连续流动-气浮分离装置[23]. 该装置由

液体存储、气浮溢流、筛分回收三部分组成, 各部分

通过蠕动泵和导管联接 , 实现了大体积固体样品的

连续流动-浮选一体化. 在微塑料回收率试验上, 首

先在野外采集的500 g清洁海沙中添加0.4573 g粒径

为0.2~5.0 mm的聚乙烯、聚丙烯两种微塑料, 混合均

匀后 , 采用上述气浮装置和饱和氯化钠溶液进行分

离, 设定浮选液流速为1.0 L/min, 微塑料回收率高达

97%. 该回收率明显高于经典的密度分离法中39.8%

的回收率 [24], 也高于Zhu[17]采用淘洗管装置分离得

到的回收率(最高为50%). 可见, 该装置及分离程序

不仅操作简单、人工干预少, 而且分离效率高, 应该

适用于土壤和沉积物中微塑料的分离.  

本研究采用该装置进行供试土壤样品的气浮分

离. 称取500 g土壤样品(干重计)用于微塑料浮选; 先

用饱和氯化钠溶液浮选, 获得初步分离样品(约100 g), 

然后再用饱和碘化钠溶液(密度为1.8 g/cm3)进行浮选 

 

图 1  采样区景观照片及浮选分离的微塑料 
Figure 1  Photos of the landscape of the sampling site and the microplastics separated from the soil sample 
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分离, 收集上清液, 用真空抽滤装置过滤(碘化钠溶

液可回收利用)和洗净盐分, 将微塑料放入玻璃培养

皿中, 加盖风干. 在放大镜或光学显微镜辅助下挑选

微塑料, 并按形貌和颜色进行分类、保存. 通过上述

浮选、分离、挑选过程, 可以在该供试的曹妃甸土壤

样品中分离到不同粒径的碎片、颗粒、纤维和薄膜4

类微塑料. 据上, 可以认为用改进设计的连续流动-

气浮分离装置及方法进行土壤或沉积物中微塑料的

分离是可行的. 

1.3  土壤中提取的微塑料表面酸清洗处理 

从土壤中提取的微塑料样品 , 表面通常附着较

多的细颗粒土壤或有机物质等 . 为了解和表征微塑

料表面微形貌 , 本研究参考Eriksen等人 [20]和Nuelle

等人 [15]的方法 , 选用盐酸对微塑料样品表面进行清

洗处理. 首先用2 mol/L盐酸溶液对微塑料浸泡24 h, 

然后超声处理(500 W, 15 min), 再用去离子水冲洗, 

室温下风干. 同时, 以仅用去离子水清洗为对照处理.  

1.4  微塑料计数和形貌鉴定及表征 

对于浮选分离后的微塑料计数与粒径测量, 先将

样品进行单层平铺拍照, 然后利用Nano Measurer 1.2

软件处理照片, 进行计数, 其粒径以微塑料的最长一

边的长度测量 . 微观形貌上 , 运用扫描电子显微镜

(Hitachi S-4800型冷场发射扫描电子显微镜)进行观察

鉴定, 并结合能谱仪(HORIBA EX-350型能量分散型

X射线分析装置)分析所选取的表面微域的元素组成. 

2  结果与讨论 

2.1  微塑料类型和丰度 

供试土壤中存在碎片、颗粒、纤维和薄膜4种不

同形貌的微塑料(表1), 总体丰度约为317 n/500 g(干

重计). 其中, 颗粒类微塑料数量最多(图2(a)), 约占

总数的3/4; 其次是碎片类微塑料, 占1/5; 而纤维和

薄膜类微塑料所占比例很小. 粒径<1 mm的微塑料

数量占总量的49.8%; 随着粒径的增大, 微塑料数量

呈递减趋势(图2(b)). 不同类型的微塑料粒径也有差

异(图2(c)), 碎片类微塑料平均粒径最大, 达到2.31± 

0.58 mm, 其次是薄膜(1.82±0.70 mm)和纤维(1.17± 

0.68 mm), 颗粒类的微塑料最小(0.94±0.56 mm). 由

此可见 , 颗粒类微塑料的丰度在供试土壤样品中占 

 

图 2  供试土壤中微塑料类型及其数量百分比(a)、粒径丰度(b)和平

均粒径(c) 
Figure 2  The percentage of shape types (a), abundance of size frac-
tions (%) (b), and the average size (c) of the different microplastics in 
the test soil sample 

最多的同时，其平均粒径是最小的. 这可能与颗粒类

微塑料相对较硬、脆化性强等有关, 在环境中更易裂

解成小颗粒的微塑料[25]. 

不同研究区的微塑料丰度有较大差异(表2). 本

研究采样区土壤中的微塑料丰度高于新加坡沿海红

树林生态系统地区[26]、比利时沿海地区[27]的微塑料

丰度. 但在粒径和数量关系上与其他调查结果类似, 

即粒径越小的微塑料, 其丰度越大[3,14]. 在不同粒径

的微塑料中, <1 mm的微塑料已经成为主要的研究对

象 [27,31~33]. 本研究中调查得到的<1 mm的微塑料丰

度达50%, 与Zhao等人 [34]在中国长江入海口水体中

观测到的<1 mm的微塑料丰度相当, 这些更细小的 
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表 1  供试土壤样品中提取的微塑料类型、颜色、形状、粒径范围和丰度 
Table 1  Color, shape, size range and abundance of microplastics in the test soil sample 

类型 颜色 形状 粒径范围(mm) 丰度(n/500 g) 

碎片 
黑色 规则且有破损边缘的扁平形碎片 1.37~4.67 55 

半透明 规则且有破损边缘的扁平形碎片 1.02~3.65 10 

颗粒 白色 无固定形状的颗粒 0.12~3.32 242 

纤维 蓝色 纤维 0.40~2.63 7 

薄膜 透明 无固定形状的薄膜 1.23~2.84 3 

表 2  文献中关于调查区土壤或沉积物中微塑料丰度的比较 
Table 2  Comparative abundance of microplastics in different study areas as reported in the literature 

研究区 微塑料粒径范围 微塑料丰度 来源 

新加坡沿海红树林生态系统 <5 mm 3.0±2.0~15.7±6.8 n/250 g(干沉积物) [26] 

比利时沿海沙滩 38 m~1 mm 92.8±37.2 n/kg(干沉积物) [27] 

海滩沉积物(大多数) <5 mm 0.21~77000 n/m2 [28] 

地中海沿海区域(意大利威尼斯潟湖) <5 mm 2175 n/kg(干沉积物) [29] 

加拿大新斯科舍省哈利法克斯港附近 <5 mm 20~80 n/10 g(沉积物) [30] 

曹妃甸围填海区潮滩废弃盐场 0.12~4.67 mm 317 n/500 g(干沉积物) 本研究 

 

微塑料(1 mm左右或m级)更容易进入生物体组织甚

至细胞中[7,8], 因此未来更需关注丰度较高、颗粒更细

的<1 mm的这部分微塑料(MP1). 此外, 不同研究区

的微塑料类型具有异同性. 与长江口的结果相比, 两

个地区分离到的纤维、薄膜、颗粒类塑料类型相似, 

但在形态上仍存在差异. 值得一提的是, 本研究区所

分离出的黑色碎片类微塑料, 至今尚未见文献报道.  

2.2  微塑料表面形貌特征 

(ⅰ) 微塑料表面整体形貌特征.  供试土壤中微

塑料具有复杂的表面形貌 , 并与其类型有关 (图3). 

碎片类微塑料沿着两端的风化痕迹较明显 , 表面有

许多沿同一方向的凸起和裂解痕迹. 颗粒类较脆、易

粉化, 棱角突出、边缘破损程度高. 纤维类微塑料表

面凹凸不平, 已无成品时的形态. 薄膜类微塑料边缘

无固定形状. 同时, 同一类型微塑料也会出现形貌差

异, 如图3(a)和(b)所示的碎片类微塑料, 但图3(b)中

的微塑料表面比图3(a)的表面具有更明显和复杂的

块状突起和撕裂痕迹, 几乎遍布于整个表面. 这种差

异可能是由于二者风化程度不同所致. Ashton等人[6]

通过SEM图像对老化的树脂扁粒表面进行分析并得

出与本研究相似的结论 , 即在这些老化的树脂扁粒

表面出现有不同程度的撞击、裂化或粉化的痕迹. 

与新购买的同类型商品塑料(图3(f)和(g))相比 , 

上述这些表面形貌特征都是土壤或沉积物环境中微

塑料所特有的. 总体来说, 土壤环境中的微塑料样品

具有表面粗糙、多孔等特点, 这种变化会使微塑料形

成多孔性表面 . 这种多孔表面的形成会使比表面积

增大, 从而可能增加对污染物吸附的能力[6]. Antunes

等人 [4]发现老化后的微塑料表面会吸附更多的持久

性有机污染物(PCB和DDT), 可能与老化后微塑料表

面发生的这些微观形貌变化有关. 

(ⅱ) 微塑料表面的孔隙特征.  表面孔隙是微塑

料的一个重要表观特征, 影响微塑料的表面性质. 如

图4所示 , 这4种微塑料类型都具有不同类型的微孔

特征. 有些微孔为纵向撕裂形成(图4(a)和(c)), 其微

孔长度>50 m, 宽度约为10 m, 微孔中还嵌有纤维

状的断裂微塑料残体 . 一些均匀裂解形成的微小孔

隙(图4(b)和(e)), 裂纹方向与裂缝呈90°角, 这种一纵

一横的裂化使得微塑料表面产生众多块状凸起(其单

个凸起的面积大多数不足200 m2), 形成的孔隙长度

在10~50 m之间 . 有些孔隙是无规则撕裂形成 (图

4(d)和(f)), 孔隙边缘无规则, 结构复杂、粗糙且凸凹

不平. Corcoran等人[13]认为微塑料表面的纹理特征可

用于鉴别微塑料表面的易氧化区 , 与线性裂纹平行

的边缘具有优先氧化的特点.  
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图 4  不同类型微塑料局部表面SEM图. (a), (b) 碎片类微塑料(黑)表面; (c), (d) 碎片类微塑料(半透明)边缘; (e), (f) 颗粒类微塑料孔隙 
Figure 4  SEM images of the microscopic features of the microplastics. (a), (b) Surfaces of fragments (black); (c), (d) edges of fragments 
(semi-transparent); (e), (f) pores of granules   

(ⅲ) 微塑料表面的组分特征.  微塑料的多孔表

面特性, 会使其表面镶嵌或黏附一些环境物质(如土

壤颗粒、有机物质等). 这使微塑料表面变得更为复

杂. 本研究通过采用不同的清洗方式, 并结合SEM-  

图 3  不同形貌类型的微塑料扫描电子显微镜图. (a), (b) 碎片类微塑料; (c) 颗粒类微

塑料; (d) 纤维类微塑料; (e) 薄膜类微塑料; (f) 对照样品(新薄膜); (g) 对照样品(新渔

线) 
Figure 3  Scanning electron micrographs (SEM) of the different microplastic types. (a), 
(b) Fragments; (c) granules; (d) fibers; (e) films; (f) control plastic (fresh film); (g) control 
plastic (fresh fishing line) 
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图 5  微塑料表面局部SEM-EDS图. (a), (b) 未超声清洗的碎片类微塑料缝隙杂质及其能谱图; (c), (d) 2 mol/L盐酸超声清洗后的碎片类微塑料

表面杂质及其能谱图 
Figure 5  SEM images and associated energy spectra of the microplastics. (a), (b) Impurities in silt and the energy spectrum of unwashed fragments; 
(c), (d) surface impurities and energy spectrum of fragments washed with 2 mol/L HCl solution followed by ultrasonic treatment 

EDS分析, 证实微塑料表面确实黏附了一些外来物质. 

如图5(a)所示, 微塑料表面的孔隙中存在许多外来杂

质, 通过能谱分析发现该杂质为黏土矿物(图5(b)). 这

些黏土矿物比较容易被清水冲洗干净. 但有些黏附的

物质经盐酸清洗后仍然能够被检测到. 如图5(c)和(d)

所示, 经2 mol/L盐酸清洗并超声后, 微塑料表面仍可

通过能谱检测到含铁物质(铁氧化物). 铁氧化物在不

同的环境条件下会有多种形态存在(如针铁矿、水铁

矿、赤铁矿及无定形铁等), 且具有不同的表面特性. 

因此, 微塑料表面稳定存在的铁氧化物使得其表面成

为一个有机-无机的复合表面, 从而对化学污染物的

表面结合状况变得更为复杂, 值得深入研究. 

3  结论 

研究区曹妃甸潮滩土壤中分离到的4种微塑料类

型中黑色碎片类微塑料为首次报道的类型 . 粒径<1 

mm的微塑料类型丰度最大, 成为主体, 且丰度随着

粒径减小而增加 . 曹妃甸潮间带土壤环境微塑料样

品表面的粗糙纹理、不规则孔隙特征是微塑料的主要

表观特征. 表面孔隙在数微米至数十微米之间, 其形

态、结构复杂. 微塑料的表面组分特征也较为复杂, 

除了在孔隙中镶嵌黏土矿物外 , 一些表面还可能存

在稳定的铁氧化物, 形成有机-无机复合的表面特征. 

因此 , 基于微塑料表面特性的污染物结合机制及毒

性效应值得深入研究.  

参考文献  

1 Derraik J G B. The pollution of the marine environment by plastic debris: A review. Mar Pollut Bull, 2002, 44: 842–852 

2 Thompson R C, Olsen Y, Mitchell R P, et al. Lost at sea: Where is all the plastic? Science, 2004, 304: 838 

3 Eriksen M, Lebreton L C M, Carson H S, et al. Plastic pollution in the world’s oceans: More than 5 trillion plastic pieces weighing over 

250000 tons afloat at sea. PLoS One, 2014, 9: e111913 

4 Antunes J C, Frias J G L, Micaelo A C, et al. Resin pellets from beaches of the Portuguese coast and adsorbed persistent organic pollu-

tants. Estuar Coast Shelf Sci, 2013, 130: 62–69 



 
 
 

    2016 年 5 月  第 61 卷  第 14 期 

1610   

5 Oliveira M, Ribeiro A, Hylland K, et al. Single and combined effects of microplastics and pyrene on juveniles (0+ group) of the common 

goby Pomatoschistus microps (Teleostei, Gobiidae). Ecol Indic, 2013, 34: 641–647 

6 Ashton K, Holmes L, Turner A. Association of metals with plastic production pellets in the marine environment. Mar Pollut Bull, 2010, 

60: 2050–2055 

7 von Moos N, Burkhardt-Holm P, Köhler A. Uptake and effects of microplastics on cells and tissue of the blue mussel Mytilus edulis L. 

after an experimental exposure. Environ Sci Technol, 2012, 46: 11327–11335 

8 Lusher A L, McHugh M, Thompson R C. Occurrence of microplastics in the gastrointestinal tract of pelagic and demersal fish from the 

English Channel. Mar Pollut Bull, 2013, 67: 94–99 

9 Tanaka K, Takada H, Yamashita R, et al. Accumulation of plastic-derived chemicals in tissues of seabirds ingesting marine plastics. Mar 

Pollut Bull, 2013, 69: 219–222 

10 Setälä O, Fleming-Lehtinen V, Lehtiniemi M. Ingestion and transfer of microplastics in the planktonic food web. Environ Pollut, 2014, 

185: 77–83 

11 Zhou Q, Zhang H B, Li Y, et al. Research progress on microplastics pollution and its ecological effects in the coastal environment (in 

Chinese). Chin Sci Bull, 2015, 60: 3210–3220 [周倩, 章海波, 李远, 等. 海岸环境中微塑料污染及其生态效应研究进展. 科学通报, 

2015, 60: 3210–3220] 

12 Hidalgo-Ruz V, Gutow L, Thompson R C, et al. Microplastics in the marine environment: A review of the methods used for identifica-

tion and quantification. Environ Sci Technol, 2012, 46: 3060–3075 

13 Corcoran P L, Biesinger M C, Grifi M. Plastics and beaches: A degrading relationship. Mar Pollut Bull, 2009, 58: 80–84 

14 Zurcher N A. Small plastic debris on beaches in Hong Kong: An initial investigation. Master Dissertation. Hong Kong: The University of 

Hong Kong, 2009 

15 Nuelle M T, Dekiff J H, Remy D, et al. A new analytical approach for monitoring microplastics in marine sediments. Environ Pollut, 

2014, 184: 161–169 

16 Claessens M, Van Cauwenberghe L, Vandegehuchte M B, et al. New techniques for the detection of microplastics in sediments and field 

collected organisms. Mar Pollut Bull, 2013, 70: 227–233 

17 Zhu X. Optimization of elutriation device for filtration of microplastic particles from sediment. Mar Pollut Bull, 2015, 92: 69–72 

18 Reddy M S, Basha S, Adimurthy S, et al. Description of the small plastics fragments in marine sediments along the Alang-Sosiya 

ship-breaking yard, India. Estuar Coast Shelf Sci, 2006, 68: 656–660 

19 Van Cauwenberghe L, Vanreusel A, Mees J, et al. Microplastic pollution in deep-sea sediments. Environ Pollut, 2013, 182: 495–499 

20 Eriksen M, Mason S, Wilson S, et al. Microplastic pollution in the surface waters of the Laurentian Great Lakes. Mar Pollut Bull, 2013, 

77: 177–182 

21 Dubaish F, Liebezeit G. Suspended microplastics and black carbon particles in the Jade system, southern North Sea. Water Air Soil Pol-

lut, 2013, 224: 1–8 

22 Cole M, Webb H, Lindeque P K, et al. Isolation of microplastics in biota-rich seawater samples and marine organisms. Sci Rep, 2014, 4: 4528 

23 Zhang H B, Zhou Q, Luo Y M, et al. A method and apparatus of continuous flow and flotating separation for microplastics (in Chinese). 

PRC Patent, Application Number: 201510227085.1 [章海波, 周倩, 骆永明, 等. 一种微颗粒塑料的连续流动分离浮选装置及方法. 

中国专利, 申请号: 201510227085.1] 

24 Imhof H K, Schmid J, Niessner R, et al. A novel, highly efficient method for the separation and quantification of plastic particles in 

sediments of aquatic environments. Limnol Oceanogr-Meth, 2012, 10: 524–537 

25 Andrady A L. Microplastics in the marine environment. Mar Pollut Bull, 2011, 62: 1596–1605 

26 Nor N H M, Obbard J P. Microplastics in Singapore’s coastal mangrove ecosystems. Mar Pollut Bull, 2014, 79: 278–283 

27 Claessens M, De Meester S, Van Landuyt L, et al. Occurrence and distribution of microplastics in marine sediments along the Belgian 

coast. Mar Pollut Bull, 2011, 62: 2199–2204 

28 Imhof H K, Ivleva N P, Schmid J, et al. Contamination of beach sediments of a subalpine lake with microplastic particles. Curr Biol, 

2013, 23: R867–R868 

29 Vianello A, Boldrin A, Guerriero P, et al. Microplastic particles in sediments of Lagoon of Venice, Italy: First observations on occur-

rence, spatial patterns and identification. Estuar Coast Shelf Sci, 2013, 130: 54–61 

30 Mathalon A, Hill P. Microplastic fibers in the intertidal ecosystem surrounding Halifax Harbor, Nova Scotia. Mar Pollut Bull, 2014, 81: 69–79 

31 Browne M A, Crump P, Niven S J, et al. Accumulation of microplastic on shorelines woldwide: Sources and sinks. Environ Sci Technol, 

2011, 45: 9175–9179 

32 Song Y K, Hong S H, Jang M, et al. Large accumulation of micro-sized synthetic polymer particles in the sea surface microlayer. Envi-

ron Sci Technol, 2014, 48: 9014–9021 

33 Van Cauwenberghe L, Claessens M, Vandegehuchte M B, et al. Assessment of marine debris on the Belgian Continental Shelf. Mar 

Pollut Bull, 2013, 73: 161–169 

34 Zhao S, Zhu L, Wang T, et al. Suspended microplastics in the surface water of the Yangtze Estuary System, China: First observations on 

occurrence, distribution. Mar Pollut Bull, 2014, 86: 562–568 



 
 
 

 

  1611 

论 文 

Separation of microplastics from a coastal soil and their  
surface microscopic features 
ZHOU Qian1,2, ZHANG HaiBo1,2, ZHOU Yang1,2, LI Yuan1,2, XUE Yong1, FU ChuanCheng1,2,  
TU Chen1 & LUO YongMing1,2 
1 Key Laboratory of Coastal Zone Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research, Chinese 

Academy of Sciences, Yantai 264003, China;  
2 College of Resources and Environment, University of the Chinese Academy of Sciences, Beijing 100049, China 

Microplastics (<5 mm) are emerging pollutants in the coastal zone and are of worldwide concern. Previous studies have 
shown the importance of surface features of microplastics on the adsorption and transport of chemical pollutants in the 
ocean and coastal environment. The objective of this study was therefore to characterize the surface properties of the 
microplastic samples from a reclamation area polluted by plastic debris in Chaofeidian, Hebei Province. A surface (0–2 
cm) soil composite sample was collected from several square plots each with an area of 1 m×1 m. The microplastics were 
separated in two steps. Firstly, 500 g (dry weight) soil sample was reduced to <100 g soil which contained most of the 
microplastics using continuous air-flow flotation separation apparatus designed by our own group. Secondly, the 
microplastics were separated from the soil by density separation using NaI solution (1.8 g cm3) followed by visual 
selection. All the microplastics were photographed and image analysis was performed using the program Nano Measurer 
1.2 for counting and size measurement. The microscopic features of the microplastic surfaces were characterized using a 
scanning electron microscope equipped with an energy dispersive spectrometer (SEM-EDS).  

Four types of microplastics, namely fragments, granules, fibers and films, were separated from the test soil and black 
film is a new type of microplastic reported here for the first time. The abundance of all the microplastics was 317 n  
(500 g)1 (dry weight) at this site with granulate microplastics accounting for 75% of the total abundance followed by 
fragments accounting for 20%. The size of the microplastics was 1.56±0.63 mm on average and the <1 mm size fraction 
accounted for 49.8% of the material. The abundance of the different size fractions of the microplastics was negatively 
correlated with their size in general. Granules were the most abundant type with the smallest average size on the whole. 
The abundance and size of the microplasitcs found at this site were comparable to those in other study areas such as a 
coastal sand beach in Belgium and mangrove sediment in Singapore.  

The SEM results show weathering features on the microplastic surfaces which were characterized by various porous 
morphologies and structures. The surface of microplastic samples from the soil was rough with pronounced cavities and 
similar to previous results observed in coastal environments. However, the surface morphology was distinctly different 
from that of the virgin plastics. The uneven surface of the microplastics might increase fouling due to changes in surface 
area and other properties as reported in other studies. We used two solutions (H2O and 2 mol L1 HCl) to distinguish the 
foulants between stable and loose combinations. The adhering soil particles were easily removed by washing with water 
and HCl. However, iron oxides were observed adhering tightly to the surfaces of some of the microplastics and could not 
be removed by washing with 2 mol L1 HCl. Since there are several types of iron oxides with different surface properties, 
their stable combination with the mciroplastics might have a pronounced impact on the surface alteration of the 
microplastics. Moreover, the complicated surfaces of the weathered microplastics likely have very different adsorption 
characteristics for chemical pollutants compared with the unaltered virgin plastic surfaces. More surface properties of 
weathered mciroplastics (including pore volume, crystalline structure, and functional groups) must therefore be identified. 
Moreover, further studies are required to explore the binding mechanisms of chemical pollutants on the microplastic 
surfaces and the bioaccumulation and ecological toxicity of these combined pollutants with respect to the different 
surface morphologies and other characteristics of the microplastics with special concern regarding microplastics that are 
dominated by the <1 mm fraction (MP1). 

microplastic pollution, surface micromorphology, abundance, continuous air-flow flotation separation, coastal soil 
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