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前言
全球每年至少有10.7万人死于石棉相关疾病。许多国家在本
国采取行动禁用各类石棉，以限制暴露，进而控制、预防并最终
消除石棉相关疾病。但也有些国家出于种种原因尚未采取禁用措
施。因此，本出版物的主要目的是协助世界卫生组织（世卫组织）
会员国就如何管理温石棉暴露对健康的危害作出明智决定。
本文件分为三个部分。第一部分是世卫组织编写的、于2014年3月更新
的供决策者使用的简洁信息材料，题为“消除石棉相关疾病”。第二部分答复在
政策讨论中常见的一些问题，以协助决策者认清问题。第三部分是温石棉对健康
影响的技术总结，首次汇集和概述了世卫组织国际癌症研究机构和世卫组织国际
化学品安全规划最近进行的权威性评估结果。在技术总结中，还审查了在公布这
些评估结果后发表的重要研究报告，并随后简述了世卫组织对替代品评估得出的
结论。
我谨向那些可能希望或需要就石棉尤其是温石棉及其暴露造成的健康后果作
出决定或提供有关咨询的部长们、政府官员及其他人士推荐这一出版物。

日内瓦世界卫生组织
公共卫生、环境和健康问题社会决定因素司司长

玛丽亚•内拉博士

温石棉 / 1

消除石棉相关疾病
于2014年3月更新
石棉是最严重的职业性致癌物之一，所造成的死亡约占职业性癌症死亡总数
的一半(1, 2)。国际劳工组织（劳工组织）/世界卫生组织（世卫组织）职业卫生联
合委员会2003年第13次会议建议，应特别重视消除石棉相关疾病(3)。2005年世
界卫生大会关于预防和控制癌症的第58.22号决议敦促各会员国特别关注可避免暴
露是一个因素的癌症，特别在工作场所和环境中暴露于化学品。2007年世界卫生
大会第60.26号决议呼吁发起全球消除石棉相关疾病运动。2013年世界卫生大会
第66.10号决议论述了如何预防和控制包括癌症在内的非传染性疾病。
“石棉”这个术语是指一组天然纤维状的蛇纹石或角闪石矿物，因其特殊
的拉力强度、低导热性以及对化学品的相对抵抗力，在过去和现在均具有商业价

石棉是最严重的职
业性致癌物之一

值。石棉的主要类别包括温石棉（属蛇纹石石棉）及青石棉、铁石棉、直闪石石
棉、透闪石石棉和阳起石（均属角闪石类石棉）(4)。
暴露于包括温石棉在内的石棉可引起肺癌、喉癌、卵巢癌、间皮瘤（胸膜和
腹膜内壁癌症）和石棉肺（肺纤维化）(5–7)。

严重的石棉暴露问题及其对公共卫生的重大影响
石棉暴露主要发生于吸入工作环境的污染空气中或点源附近的环境空气中
的石棉纤维、或吸入含易碎石棉材料的居室或建筑物中的空气。石棉容器重新包
装、将石棉与其它原材料混合、以及用研磨工具干法切割含石棉制品的暴露水平
最高。安装和使用含石棉的制品及车辆维修中也可暴露于石棉。许多建筑物中仍
在现场使用易碎温石棉和/或含角闪石石棉的材料，因此在其维修、更换、移动
和拆除时均可不断发生温石棉和角闪石石棉的暴露(5)。建筑物在自然灾害中受损
后，也可能会带来石棉暴露。
目前全球约有1.25亿人在工作场所暴露于石棉(1)。据估计，全球每年至少有
107 000人死于职业性暴露引起的与石棉相关的肺癌、间皮瘤和石棉肺(1, 2, 8)。
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此外，将近400例死亡可归因于非职业性石棉暴露。石棉相关疾病的负担目前仍
在上升，甚至在那些早在20世纪90年代就已禁用石棉的国家中也是如此。由于石
棉相关疾病的潜伏期长，即便现在停止使用石棉，也要在几十年后才能出现相关
死亡人数的减少。

导致人类癌症的各类石棉
国际癌症研究所已将石棉（阳起石、铁石棉、直闪石石棉、温石棉、青石棉
和透闪石石棉）列为“对人类致癌物”(7)。暴露于温石棉、铁石棉和直闪石石棉
以及暴露于含青石棉的混合物导致患肺癌的危险性增高(7)。已经观察到职业性暴
露于青石棉、铁石棉、透闪石石棉和温石棉后发生间皮瘤，以及在石棉厂矿附近
居住的一般人群及与石棉工人共同生活的人中也出现间皮瘤(7)。
石棉相关疾病与纤维的类型、大小、数量及石棉的加工工艺存在关联(6)。包
括温石棉在内的各类石棉致癌危险性的阈值尚未确定(5, 7)。吸烟可使因石棉暴露
引起的肺癌危险性增加(5, 9)。

温石棉仍在广泛使用
石棉已被制成数以千计广泛应用的制品，如屋顶盖板、供水管、灭火毯和隔
离材料，以及汽车离合器和制动器内衬、垫圈和填充物。随着对石棉制品健康影
响的日益关注，许多国家已减少使用石棉。1986年国际劳工组织《石棉安全使
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用公约》（第162号公约）规定禁止使用青石棉及含青石棉纤维制品，以及禁止
喷洒各类石棉的作业。然而，温石棉仍被广泛使用，约90%用于石棉水泥建筑材
料，使用量最大的是发展中国家。温石棉还用于摩擦材料（7%）、纺织品等其它
方面(10)。
迄今为止（截至2013年底），已有50多个国家（包括所有的欧盟成员国）禁
止使用各类石棉，包括温石棉。其它国家的限制措施不太严格。然而，近年来有
些国家仍在生产或使用、甚至在增加生产或使用温石棉(11)。亚太区域温石棉使
用量上涨幅度尤其显著。2000年至2012年间全球的石棉产量较稳定，年产量约为
200万吨(12, 13)。
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世卫组织关于预防石棉相关疾病的建议
鉴于目前尚无证据确定包括温石棉在内的石棉致癌效应的阈值，而且在石棉
暴露水平很低的人群中一直观察到致癌风险的增加(5, 7)，消除石棉相关疾病最有
效的途径就是停止使用各类石棉。特别令人关注的是，建筑业仍继续使用石棉水
泥，因为建筑业有大量劳动力，暴露难以控制，所用的固定建筑材料可能对那些
从事改建、维修和拆除工作的工人构成危险(5)。在各种不同的应用中，可采用一
些纤维材料(14)及对健康无危险性或危险性较小的其它制品来替代石棉。
含石棉材料应予以封装，一般不建议进行可能搅动石
棉纤维的工作。如确有必要，应在严格的控制措施下进行，
以避免暴露于石棉。相关的控制措施包括封装、湿式加工、
局部过滤并排气通风、定期清洗。还应要求使用个人防护设
备，即专用呼吸器（面罩）、安全护目镜、防护手套和防护
服，并为这些防护设备配备专用的去污染设施(15)。
为消除石棉相关疾病，世卫组织承诺在下述战略目标方
面与各国一起工作：

• 承认消除石棉相关疾病最有效的途径是停止使用各类石棉；
• 提供相关信息, 包括如何用较安全的替代物取代石棉以及如何从经济和技术
方面制定激励机制以促进这种替代；

• 采取措施预防在现场和石棉拆除（减排）过程中的石棉暴露；
• 改进石棉相关疾病的早期诊断、治疗和康复服务，为既往和/或目前暴露于
石棉的人员建立登记制度。
世卫组织强烈建议将这些措施的计划和实施作为消除石棉相关疾病国家综
合步骤的一部分。综合步骤还应包括编写国家石棉问题概况、提高认识、能力建
设、组织机构框架、以及消除石棉相关疾病的国家行动计划。
世卫组织将与劳工组织就执行国际劳工大会第九十五届会议通过的石棉专题
决议(16)进行合作，并与其它政府间组织和民间社团一起, 共同为实现全球消除石
棉相关疾病而努力工作。
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常见问答
本节解答政策制定者就使用温石棉经常提出的问题。

温石棉实际上并不是一种石棉，这种说法对吗？
不对。温石棉是六种石棉之一，另外五种是青石棉、铁石棉、直闪石石棉、
透闪石石棉和阳起石。

世卫组织石棉问题政策是什么？
世卫组织有极为明确的石棉问题政策。石棉引起肺癌、喉癌、卵巢癌、间皮
瘤（胸膜和腹膜内壁癌症）和石棉肺（肺纤维化）。石棉相关疾病是可以、而且
应该预防的，最有效的预防办法是停止使用各类石棉，以防暴露。世卫组织开展
全球消除石棉相关疾病运动的目的是支持国家实现这项目标。

世卫组织为什么这么关注石棉？
有明确的科学证据表明石棉导致人类癌症和慢性呼吸系统疾病。世卫组织正
在努力减轻包括癌症和慢性呼吸系统疾病在内的全球非传染性疾病负担，认为基
本预防可以减少卫生保健服务费用，并有助于确保卫生支出的可持续性。癌症是
全球第二大死亡原因。2008年，共有760万人死于癌症，有1270万新发病例。据
估计，大约19%的癌症可归咎于环境，包括工作环境。
目前全球约有1.25亿人在工作场所暴露于石棉。据世卫组织估计，全球每年至
少有107 000人死于职业性暴露引起的石棉相关性肺癌、间皮瘤和石棉肺。石棉造
成的死亡约占职业性癌症死亡总数的一半。

世卫组织就温石棉和其它类石棉及其管理发表意见有何权威
性？
世卫组织是联合国系统内卫生工作的指导和协调机构。它负责领导全球卫生
事务，拟定卫生研究议程，制订规范和标准，阐明循证政策方案，向各国提供技
术支持以及监测和评估卫生趋势。
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世界卫生大会是世卫组织的最高决策机构，由194个会员国的代表团组成，每
年举行一次会议。其主要职能是决定世卫组织的政策。
世卫组织石棉问题政策源于卫生大会以下三项决议：2005年WHA58.22
号、2007年WHA60.26号和2013年WHA66.10号决议。WHA58.22号决议阐述了可
避免暴露致癌物质是一个因素的癌症，WHA60.26号决议呼吁发起全球消除石棉
相关疾病运动，WHA66.10号决议论述如何预防和控制包括癌症在内的非传染性
疾病。

人们如何暴露于石棉？
石棉暴露主要是在开采和研磨石棉以及在生产和使用含石棉产品时吸入，其
次是摄入。这包括在建造、维修和拆除建筑物时修整和研磨石棉建材而造成的暴
露。石棉目前通常被用作或曾被用作纤维状混合物，与其它材料（如水泥、塑料
和树脂等）掺混在一起，或用于纺织。石棉应用范围很广，例如屋顶盖板、水泥

有明确的科学证据表
明石棉导致人类癌症
和慢性呼吸系统疾病

地板和墙壁、水泥管（如供水管）、隔热和隔电材料（如防火毯、工业用防火帘
和垫圈）以及摩擦材料（如车辆制动蹄片、制动垫和离合器）。今天，石棉纤维
暴露尤其发生在石棉制品破损的情况下，例如在维修和拆除建筑物和处置建筑废
料时以及在自然灾害期间。

环境中存在众多其它致癌物质，处理石棉这一致癌物为什么那
么重要？
一些癌症虽与环境因素有关，但被认为由多个因素造成。有些癌症经查明则是
由烟草、石棉等单一致癌物造成的，而且对这些致癌物的暴露是可以预防的。
（注：列入国际癌症研究机构 [IARC] 第1类中的对人类具有致癌作用的许多其它物
质并非如此，而且其中许多致癌物质并不造成这么严重的疾病负担1）
国家应尽快采取行动对付石棉问题的一个原因是，在发生暴露后，间皮瘤的
潜伏期特别长，往往可长达40年。因此，即使在很多年前就已禁止使用石棉的国
家中，石棉相关疾病的负担目前仍将继续上升。
温石棉是仍在生产和使用的石棉主要类别。包括温石棉在内，各类石棉对人
类均具有致癌性，且无确定的致癌风险阈值。这是世卫组织和国际癌症研究机构
1

国际癌症研究机构第1类致癌物详见：http://monographs.iarc.fr/ENG/Classiﬁcation/
ClassiﬁcationsGroupOrder.pdf。
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在长达15年多时间内进行一系列国际权威性评估（国际癌症研究机构最近于2012
年公布了评估结果）后得出的结论。这些结论反映了世卫组织为评估石棉对健康
的影响而召集的众多科学家达成的国际共识。
此外，经证明，既暴露于烟草烟雾、又暴露于石棉纤维使肺癌风险大增，而
且至少会产生叠加效果，即抽烟越多，风险就越大。

我们能够确信世卫组织和国际癌症研究机构对石棉的科学评估
完全不受外界影响吗？
是的。每次都采取多项措施确保发现和解决潜在的利益冲突，在不受政府、
国家机构和特殊利益团体意见的影响并且听取世界各地意见的情况下作出极其严
格的评估，而且评估结果接受国际同行广泛评审。

各国在本国采取了什么行动？
许多国家已颁布禁用石棉法律，目前（截至2013年底）共有50多个世卫组织会员
国为促进和保障公众健康颁布了相关法律2。政府通常在与各
部门协商后作出决定，其中既考虑到部门利益，又避免某些部
门过度参与最终决定。在斟酌采取禁用石棉的立法行动时，有
必要考虑到一系列成本和收益，例如除了传统的经济和贸易方
面的考虑外，还应考虑到提供卫生保健服务的费用以及长期健
康不良造成的劳动生产率损失。

各国在国际上采取或建议采取哪些行动？
《控制危险废物越境转移及其处置的巴塞尔公约》于1992
年生效，目前共有181个缔约国。该公约的目的是消除危险废
物的不良影响，维护人类健康和环境。公约将石棉尘和石棉纤
维列为受管制的废物类别。公约缔约方必须禁止或不准将这类
废物出口至那些按公约禁止进口这些废物的缔约国。

2

8 / 温石棉

其中包括：阿尔及利亚、阿根廷、澳大利亚、巴林、文莱达鲁萨兰国、智利、埃及、欧洲联盟28个成员
国、加蓬、洪都拉斯、冰岛、以色列、日本、约旦、科威特、莫桑比克、挪威、阿曼、卡塔尔、韩国、沙
特阿拉伯、塞尔维亚、塞舌尔、南非、瑞士、土耳其和乌拉圭。巴西的里约热内卢州和南里奥格兰德州也
禁用石棉。.

《关于在国际贸易中对某些危险化学品和农药采取事先知情同意程序的鹿特
丹公约》于2004年生效，目前共有154个缔约国。最近，多数缔约国表示希望将
温石棉列入公约附件3。这意味着对温石棉实行严格程序，一国需在知情后决定是
否同意今后进口温石棉。但在少数国家、尤其是继续希望交易和使用温石棉和含
温石棉产品的国家阻挠下，迄今未能将温石棉列入管制清单。

温石棉危害果真小于其它类石棉，因此不应对其采用同样的控制
措施吗？
已有确凿科学证据。世卫组织和国际癌症研究机构评估工作得出的明确结论
是，不管温石棉毒性是否低于角闪石类石棉，温石棉确实引起肺癌、喉癌、卵巢
癌、间皮瘤和石棉肺。关于不同生化特性的各种说法，或历史流行病学研究是否
可能研究的是已被角闪石类石棉污染的温石棉问题，以及在制作时使用高密度水
泥能否阻隔温石棉，并不能改变这一结论。

世卫组织和国际癌症
研究机构评估工作得
出的明确结论是，温
石棉引起肺癌、喉癌、
卵巢癌、间皮瘤和石
棉肺。

一个主要问题是，即使适当管制其使用，在维修和拆除建筑物和处置废物过
程中，或在发生自然灾害后，含温石棉的建材（如屋顶瓦片和水管）会被损坏并
在环境中释放石棉纤维。可能会在原先（有控制的）安装一段时间后发生暴露。
只有停止使用此类产品才可完全避免这一风险。可从国内、区域和国际组织那里
获得关于可以安全使用的替代材料和产品的信息。

目前或今后关于温石棉毒性的研究能否改变世卫组织和国
际癌症研究机构目前对温石棉致癌的看法？
绝对不能。世卫组织和国际癌症研究机构在反复评估科学证据的基础
上，确信温石棉引起肺癌、喉癌、卵巢癌、间皮瘤和石棉肺，并确信应将停
止使用包括温石棉在内的各类石棉以防暴露作为消除石棉相关疾病的最有效
办法。现已查明温石棉致癌性，但很少研究对妇女的影响。怀疑还有一些癌
症可能与温石棉有关，但现有研究仍不够充分。因此仍需开展进一步研究，
以调查温石棉暴露引起其它类癌症（尤其是女性特有癌症）的风险。
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有人认为温石棉的现代纤维替代品本身有毒或毒性有待确定。
关于替代产品，尤其是建筑材料替代产品，目前有什么信息？
许多政府、区域机构和国际组织提出了石棉替代品，并已公布了替代材料对人体
健康的评估结果。例如，世卫组织/国际癌症研究机构于2005年召集一次研讨会，
另外，英国政府、欧洲委员会和世卫组织欧洲区域办事处公布了评估结果。由于
吸入纤维的潜在风险，我们集中针对其它类型的纤维材料评估了温石棉替代材料
对人体健康的危害。还应指出的是，可用不含增塑剂的聚氯乙烯（uPVC）和金属
片等非纤维材料取代温石棉的一些用途。

鉴于间皮瘤是显示石棉暴露的一个特定明显标记，国内并无间
皮瘤报告病例是否意味着石棉未造成严重的疾病负担，因此不
必采取行动？
不对。国家只有在有完备监测系统的情况下才能检出间皮瘤病例和精确计算病例
数，而国家往往并无这样的监测系统。还应牢记的是，暴露于石棉后，间皮瘤潜
伏期可长达40年以上，因此，需要有长期的国家监测系统。
石棉引起肺癌的几率高于间皮瘤（估计风险比为6:1），另外，吸烟者患肺癌的比
率较高。肺癌比间皮瘤更常见，且有多种病因。可能会轻易忽视很多年前石棉暴
露史（包括非工作环境中的暴露史，见下文）。国家目前缺乏证据并不表明没有
问题。其它国家的经验教训表明，即使石棉广泛暴露停止多年后，仍会发生间皮
瘤的重大疫情。

石棉暴露是否只是职业性问题，
而一般人群并无风险或很少风险？
不是的。因家中暴露，许多石棉工人的妻子和
子女罹患间皮瘤（至少有376例）。石棉行业
的许多白领以及生活在石棉矿附近的居民因受
空气污染影响也患有间皮瘤。另外，还有关于
石棉工人妻子和子女患石棉肺的病例。在土耳
其、希腊、塞浦路斯、科西嘉岛、西西里岛、
新喀里多尼亚、中国云南省和美国加州，据报
有人因暴露于土壤中天然石棉或石棉类矿物而
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患间皮瘤。石棉生产和使用方面的控制措施并不能保护这些人，但其他人群则会
受到保护。
还发生其它类环境暴露。澳大利亚和英国据报在交通繁忙的路口检出汽车摩擦制
品造成环境空气中石棉纤维浓度升高。家庭装修和汽车维修活动也造成非职业性
暴露。由于难以在可能雇用大量临时工的建筑行业中针对分散度较高的众多员工
采取石棉暴露控制措施，建筑工人容易暴露于石棉。除了建筑工人的职业性暴露

含石棉的建筑垃圾可能
造成非职业性暴露。

外，含石棉的建筑垃圾若存放和处置不当，也有可能造成非职业性暴露，例如违
规捡拾和再利用含石棉的建筑垃圾可能会造成非职业性暴露。
政策制定者目前需要关注石棉采矿和石棉产品制造行业中的职业性暴露问题，更
需要关注建筑行业使用含石棉材料造成的问题，例如在施工过程中发生职业性暴
露，以及建筑材料破损（如石棉波纹屋顶瓦片破碎）以及建筑垃圾不当处置造成
广大人群意外暴露于石棉。最贫穷社区中使用含石棉建筑材料造成家庭靠近温石
棉纤维的暴露源问题令人特别关注。
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更多信息
世卫组织关于石棉问题的其它出版物
标题

说明

网址

“关于制定国家消除石棉相关疾病规划

该文件的目的是促进国家制定全国消灭石

http://www.who.int/entity/

的纲要”。国际劳工组织和世界卫生组

棉相关疾病规划，并阐述国家应如何努力

occupational_health/publications/

织；2007年

防止各种现有石棉以及过去使用这些石棉

elim_asbestos_doc_zh.pdf, 检索日

造成的石棉相关疾病。有英文版、法语

期：2014年3月11日

版、俄语版、西班牙语版、阿拉伯语版和
中文版。
“地震后石棉危害和安全清理方法”。

该文件指导在发生地震或其它自然灾害后

http://www.who.int/hac/crises/chn/

世界卫生组织；2008年

清理和处置遭损毁建筑物中含石棉废品期

asbestos/en/, 检索日期：2014年3

间如何控制石棉相关风险。

月11日

已发表的替代材料评价结果
标题

说明

网址

世卫组织一名临时顾问对石棉建筑材料

这是世卫组织一名临时顾问为世卫组织欧

http://www.euro.who.int/en/

替代品的审查。见：“国家消除石棉相

洲区域一次石棉控制专题会议编写的背景

health-topics/environment-and-

关疾病规划：回顾与评估”。世卫组织

文件，其中审查了石棉替代材料的可得性

health/occupational-health/

欧洲区域办事处；2012年：附件4

和安全性。有英语版和俄语版。

publications/2012/
national-programmes-forelimination-of-asbestos-relateddiseases-review-and-assessment, 检
索日期：2014年3月11日

“关于温石棉及其备选替代品的意见”。

欧洲委员会属下的一个专家委员会就三种

http://ec.europa.eu/health/scientiﬁc_

欧洲委员会属下的毒性、生态毒性和环

替代品（纤维素纤维、聚乙烯醇纤维和芳

committees/environmental_risks/

境科学委员会；1998年

纶纤维）对人类健康危害的评估。

opinions/sctee/sct_out17_en.htm,
检索日期：2014年3月11日

Harrison等人。“温石棉及其代用品

这份石棉替代材料的评估报告由英国健康

http://www.ncbi.nlm.nih.gov/pmc/

风险比较：欧洲视角”。环境卫生展

与安全委员会（英国伦敦）编写，后来在

articles/PMC1566482/, 检索日

望，1999；107:607-611

科学刊物中发表。

期：2014年3月11日
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Introduction
This technical summary on the health effects of chrysotile summarizes the most
recent authoritative World Health Organization (WHO) evaluations performed by its
International Agency for Research on Cancer (IARC) and its International Programme
on Chemical Safety (IPCS). Key studies published after these evaluations are also
brieﬂy reviewed. The purpose of this technical summary is to assist policy-makers
in assessing the importance of undertakings to prevent the adverse health effects –
cancer and lung ﬁbrosis – associated with exposure to chrysotile.
WHO has conducted a number of evaluations of the health effects associated with
exposure to chrysotile over the past 20 years (1, 2). These evaluations have concluded
that all forms of asbestos, including chrysotile, are carcinogenic to humans, causing
mesothelioma and cancer of the lung, larynx and ovary. Chrysotile also causes nonmalignant lung diseases, which result in deterioration of lung function (asbestosis).
Many scientiﬁc studies linking domestic and environmental exposure to asbestos with
adverse health effects have also been identiﬁed, alongside the large number of studies
in occupational settings.
Most informative in the evaluation of the effects of chrysotile exposure in humans
(1) have been the studies performed in chrysotile mines in Quebec, Canada (most
recent cohort update) (3), a chrysotile mine in Balangero, Italy (4, 5), cohorts of textile
workers in South Carolina (6) and North Carolina, United States of America (USA) (7),
and two cohorts of asbestos factory workers in China (8, 9). More recently, studies
on chrysotile miners (10–12) and chrysotile textile workers in China (13–17) and two
meta-analyses (18, 19) have further consolidated the database. All types of asbestos
cause asbestosis, mesothelioma and cancer of the lung, larynx and ovary (1, 2). This
text concentrates on cancer of the lung, mesothelioma and asbestosis, as these have
been the principal areas of research until relatively recently.

“There is sufﬁcient
evidence in
humans for the
carcinogenicity
of all forms of
asbestos (chrysotile,
crocidolite, amosite,
tremolite, actinolite
and anthophyllite).
Asbestos causes
mesothelioma
and cancer of
the lung, larynx
and ovary.” (1)
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Chrysotile production,
use and exposure
Production
Chrysotile has always been the main asbestos species mined; in the peak year of
production (1979), chrysotile comprised more than 90% of all asbestos mined (20).
With the exception of small amounts (approximately 0.2 Mt annually, in 2007–2011) of
amphibole asbestos mined in India, chrysotile is at present the only asbestos species
mined. World production in 2012 was estimated to be 2 Mt, the main producers being
the Russian Federation (1 Mt), China (0.44 Mt), Brazil (0.31 Mt) and Kazakhstan
(0.24 Mt); production has stopped in Canada, which until 2011 was one of the main
producers. Although world production has decreased considerably from its peak of 5.3
Mt in 1979, it has remained stable during the 2000s (2–2.2 Mt) (21–23).

Use

Asbestos is used as a loose ﬁbrous mixture, bonded with other materials (e.g. Portland
cement, plastics and resins) or woven as a textile. The range of applications in which
asbestos has been used includes rooﬁng, thermal and electrical insulation, cement
pipe and sheets, ﬂooring, gaskets, friction materials (e.g. brake pads and shoes), coating and caulking compounds, plastics, textiles, paper, mastics, thread, ﬁbre jointing
and millboard (1).
Organizations that track the usage of chrysotile globally report that all asbestos
(including chrysotile) use had been prohibited in 32 countries by 2007, rising to
approximately 50 countries by 2014 (24). The form of prohibition in countries can vary
(e.g. exemptions for limited, highly specialized engineering uses can be permitted),
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which complicates the process of determining the status of a country at any given
time. However, countries that have prohibited all widespread and large-scale uses
of all types of asbestos (including chrysotile) include Algeria, Argentina, Australia,
Bahrain, Brunei Darussalam, Chile, Egypt, the 28 member states of the European
Union, Gabon, Honduras, Iceland, Israel, Japan, Jordan, Kuwait, Mozambique,
Norway, Oman, Qatar, Republic of Korea, Saudi Arabia, Serbia, Seychelles, South
Africa, Switzerland, Turkey and Uruguay. Asbestos is also banned in two states of
Brazil, Rio de Janeiro and Rio Grande do Sul (25).
Although asbestos has not been banned in the USA, consumption decreased from
668 000 t in 1970 to 359 000 t in 1980, 32 t in 1990, 1.1 t in 2000 and 1.0 t in 2010
(22, 23). Consumption of asbestos (mainly chrysotile) was 143 000 t in the United
Kingdom in 1976, decreasing to 10 000 t in 1995; as the use of asbestos is banned
in the European Union, it is expected to be zero at present. France imported approximately 176 000 t of asbestos in 1976; imports stopped by 1996, when France banned
asbestos use. In Germany, the use of asbestos amounted to approximately 175 000
t annually from 1965 to 1975 and came to an end in 1993. In Japan, asbestos consumption was approximately 320 000 t in 1988 and decreased steadily over the years
to less than 5000 in 2005; asbestos use was banned in 2012 (26). In Singapore,
imports of raw asbestos (chrysotile only) decreased from 243 t in 1997 to 0 t in
2001 (27). In the Philippines, the importation of raw asbestos was approximately
570 t in 1996 and 450 t in 2000 (28). However, in some countries, such as Belarus,
Bolivia (Plurinational State of), China, Ghana, India, Indonesia, Pakistan, Philippines,
Sri Lanka and Viet Nam, the use of chrysotile increased between 2000 and 2010.
In India, use increased from 145 000 t in 2000 to 462 000 t in 2010 (21, 23); in
Indonesia, the increase was from 45 045 t in 2001 to 121 548 t in 2011 (29).

Non-occupational exposure
Non-occupational exposure, also loosely called environmental exposure, to asbestos
may be due to domestic exposure (e.g. living in the same household with someone
exposed to asbestos at work), air pollution from asbestos-related industries or the use
of asbestos-containing friction materials, or naturally occurring asbestos minerals.
In studies of asbestos concentrations in outdoor air, chrysotile is the predominant ﬁbre
detected. Low levels of asbestos have been measured in outdoor air in rural locations
(typical concentration, 10 ﬁbres/m3).3 Typical concentrations are about 10-fold higher
in urban locations and about 1000 times higher in close proximity to industrial sources
of exposure. Elevated levels of chrysotile ﬁbres have also been detected at busy trafﬁc
intersections, presumably from braking vehicles (30). In indoor air (e.g. in homes,
schools and other buildings), measured concentrations of asbestos are in the range
of 30–6000 ﬁbres/m3 (1).

3
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1 ﬁbre/m3 = 1 × 10−6 ﬁbres/mL; 1 ﬁbre/mL = 1 × 106 ﬁbres/m3.

Elevated levels
of chrysotile
ﬁbres have been
detected at busy
trafﬁc intersections,
presumably from
braking vehicles

Occupational exposure
Exposure by inhalation and, to a lesser extent, ingestion occurs in the mining and
milling of asbestos (or other minerals contaminated with asbestos), the manufacturing
or use of products containing asbestos, and the construction, automotive and asbestos
abatement industries (including the transport and disposal of asbestos-containing
wastes) (1). In estimates published in 1998, when most European Union countries
had already banned the use of all asbestos, it was estimated that the proportion
of the European Union workforce still exposed to asbestos (mainly chrysotile) in
different economic subsectors (as deﬁned by the United Nations) (31) was as follows:
agriculture, 1.2%; mining, 10.2%; manufacturing, 0.59%; electrical, 1.7%; construction,
5.2%; trade, 0.3%; transport, 0.7%; ﬁnance, 0.016%; and services, 0.28% (32, 33).
In 2004, it was estimated that 125 million people were exposed to asbestos (as stated
above, mainly to chrysotile) at work (34).
The National Institute for Occupational Safety and Health (NIOSH) in the USA
estimated in 2002 that 44 000 miners and other mine workers may have been exposed
to asbestos during the mining of asbestos and some mineral commodities in which
asbestos may have been a potential contaminant. In 2008, the Occupational Safety
and Health Administration (OSHA) in the USA estimated that 1.3 million employees in
construction and general industry face signiﬁcant asbestos exposure on the job (1).
In Europe, based on occupational exposure to known and suspected carcinogens
collected during 1990–1993, the CAREX (CARcinogen EXposure) database estimates
that a total of 1.2 million workers were exposed to asbestos in 41 industries in the (then
15) member states of the European Union. Over 96% of these workers were employed

温石棉 / 17

in the following 15 industries: “construction”, “personal and household services”,
“other mining”, “agriculture”, “wholesale and retail trade and restaurants and
hotels”, “food manufacturing”, “land transport”, “manufacture of industrial
chemicals”, “ﬁshing”, “electricity, gas and steam”, “water transport”,
“manufacture of other chemical products”, “manufacture of transport
equipment”, “sanitary and similar services” and “manufacture of machinery,
except electrical” (1). According to an unpublished report, in China, 120 000 workers
of 31 asbestos mines come in direct contact with asbestos, and 1.2 million workers are
involved in the production of chrysotile asbestos products (35). Another unpublished
report indicated that in 31 asbestos factories in China with 120 000 workers, all these
workers could have come in contact with asbestos either directly or indirectly (35).
In India, approximately 100 000 workers in both organized and unorganized sectors
were estimated to be exposed to asbestos directly, and 30 million construction workers
were estimated to be subjected to asbestos dust on a daily basis (36). The number of
exposed workers in Brazil was estimated to be 300 000 (25).
In Germany, there was a steady decline in asbestos exposure between 1950 and 1990;
the 90th percentile of the ﬁbre count was between 0.5 and 1 ﬁbre/mL in textile, paper/
seals, cement, brake pad and drilling/sawing activities in 1990 (37).

In 2004, it was
estimated that
125 million people
were exposed to
asbestos at work

In France, median asbestos concentrations were highest in the building (0.85 ﬁbre/mL
in 1986–1996 and 0.063 ﬁbre/mL in 1997–2004), chemical industry (0.34 and 0.1 ﬁbre/
mL, respectively) and services (0.07 and 0.1 ﬁbre/mL, respectively) sectors (38).
In 1999, the median asbestos (almost exclusively chrysotile) ﬁbre counts in the air, as
measured by personal samplers, in a Chinese asbestos textile plant were 6.5, 12.6,
4.5, 2.8 and 0.1 ﬁbre/mL in the raw material (opening), raw material (bagging), textile,
rubber plate and asbestos cement sections of the plant; in 2002, the median asbestos
ﬁbre counts were 4.5, 8.6 and 1.5 ﬁbres/mL in the raw material, textile and rubber plate
parts of the plant (15).
In 2006, the geometric mean asbestos ﬁbre count in the air in the largest chrysotile
mine in China was 29 ﬁbres/mL, as estimated from gravimetric dust measurements.
Available data indicated that up to 1995, dust concentrations had been 1.5–9 times
higher (11).
The geometric mean occupational exposures to asbestos ﬁbres were 0.40, 1.70 and
6.70 ﬁbres/mL in the construction, asbestos friction and asbestos textile industries in
1984 in the Republic of Korea; in 1996, the corresponding ﬁgures were 0.14, 0.55 and
1.87 ﬁbres/mL (39). Park and colleagues (40) analysed 2089 asbestos exposure data
sets compiled from 1995 through 2006 from 84 occupational sites. Asbestos exposure
levels decreased from 0.92 ﬁbre/mL in 1996 to 0.06 ﬁbre/mL in 1999, possibly in part
because of enforcement of 1997 legislation banning the use of amosite and crocidolite.
During the periods 2001–2003 and 2004–2006, mean asbestos exposure levels declined
further to 0.05 and 0.03 ﬁbre/mL, respectively. The mean concentration in the major
primary asbestos production plants was 0.31 ﬁbre/mL, and in the secondary asbestos
industries (handlers and end uses of asbestos-containing materials), 0.05 ﬁbre/mL.
In particular, a substantial reduction in asbestos exposure levels was evident among
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primary industries handling raw asbestos directly. In this industry, exposure dropped
from 0.78 ﬁbre/mL (period 1995–1997) to 0.02 ﬁbre/mL (period 2003–2006).
In Thailand, breathing zone asbestos concentrations in 1987 in roof tile, cement pipe,
vinyl ﬂoor tile, asphalt undercoat and acrylic paint plants and in brake and clutch
shops were < 1.11, 0.12–2.13, < 0.18, < 0.06 and 0.01–58.46 ﬁbres/mL, respectively. The
brake and clutch shops were small-scale enterprises, in contrast to the others; they
had high asbestos air concentrations also in 2000 (0.24–43.31 and 0.62–2.41 ﬁbres/mL
for the brake and clutch shops, respectively) (41).
The occupational exposure limit for chrysotile has been lowered in the USA since the
1970s: from 12 ﬁbres/mL in 1971 to 5 ﬁbres/mL in 1972, 2 ﬁbres/mL in 1976, 0.2 ﬁbre/mL
in 1986 and 0.1 ﬁbre/mL in 1994 (42). The occupational exposure limit for all asbestos
species is also 0.1 ﬁbre/mL in the Bolivarian Republic of Venezuela (43), the European
Union (44), India (36), Indonesia (45), Malaysia (46), Norway (47), the Republic of Korea
(39), Singapore (27) and the provinces of Alberta and British Columbia in Canada (48).
Other occupational exposure limits for all asbestos ﬁbres include 0.01 ﬁbre/mL in the
Netherlands (49); 0.15 ﬁbre/mL in Japan (26); 0.2 ﬁbre/mL in South Africa (50); 0.8
ﬁbre/mL in China (11, 35); and 2 ﬁbres/mL in Brazil (48) and the Philippines (28). In
Thailand, the labour law sets the limit for airborne asbestos at 5 ﬁbres/mL (41, 45). In
Canada, the occupational exposure limit for chrysotile is 1 ﬁbre/mL (51).
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Health effects
The key studies on the main health end-points associated with exposure to chrysotile
have been summarized in Table 1 (see page 39).

Cancer of the lung
Studies in experimental animals
Bronchial carcinomas were observed in many experiments in rats after inhalation
exposure to chrysotile ﬁbres. There was no consistent increase in tumour incidence
at other sites (except mesothelioma, see below) (1).

Studies in humans
Occupational exposure
In the ﬁnal report on male workers in chrysotile mines in Quebec, Canada (3),
there was an exposure-related increase in mortality from lung cancer, reaching a
standardized mortality ratio (SMR) of 2.97 (95% conﬁdence interval [CI]: 2.18–3.95) in
the most heavily exposed group. There was little difference between workers in the
Asbestos and Thetford Mines areas of Quebec; in the latter area, the chrysotile was
(to a small extent) contaminated with tremolite.
An elevated mortality from lung cancer (SMR: 1.49; 95% CI: 1.17–1.87) was observed
in a cohort of chrysotile friction product plant workers in Connecticut, USA. Some
anthophyllite was used in some product lines during the last 20 years of the follow-up
(52).
The risk of lung cancer was greatly increased among asbestos textile workers, mainly
exposed to chrysotile, who received compensation for work-induced asbestosis in Italy
(SMR: 6.82; 95% CI: 3.12–12.95). There was no quantitative estimation of what the
exposure to “mainly chrysotile” represented (53).
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Among workers with at least 1 year’s work experience between 1946 and 1987 in a
chrysotile mine in Balangero, northern Italy, the lung cancer SMR was 1.27 (95% CI:
0.93–1.70) during the follow-up to 2003 (5). No ﬁbrous amphiboles were found, but
0.2–0.5% of a ﬁbrous silicate, balangeroite, was identiﬁed in the chrysotile mined (54).
Among workers of eight chrysotile asbestos factories in China with at least 15 years of
work experience and followed from 1972 to 1986, the mortality from lung cancer was
elevated (relative risk [RR]: 5.3; 95% CI: 2.5–7.1). The lung cancer risk was especially
high among heavy smokers (chrysotile-exposed non-smokers: RR: 3.8 [95% CI: 2.1–
6.3]; chrysotile-exposed light smokers: RR: 11.3 [95% CI: 4.3–30.2]; chrysotile-exposed
medium smokers: RR: 13.7 [95% CI: 6.9–24.6]; chrysotile-exposed heavy smokers: RR:
17.8 [95% CI: 9.2–31.3]) (8).
In a study in an asbestos textile plant in South Carolina, USA, the exposure was almost
exclusively to chrysotile (part of the time, approximately 0.03% of the total amount
of ﬁbre used was crocidolite, which was never carded, spun or twisted and was
woven wet). The lung cancer SMR was 1.95, with a 95% CI of 1.68–2.24. Exposure–
response modelling for lung cancer, using a linear relative risk model, produced a
slope coefﬁcient of 0.0198 ﬁbre-years/mL4 (standard error 0.004 96) when cumulative
exposure was lagged 10 years (6).
In a cohort study in four asbestos textile mills in North Carolina, USA, workers with
at least 1 day’s work between 1950 and 1973 were followed for mortality to 2003.
In one of the plants, a small amount of amosite was used between 1963 and 1976,
whereas the others used exclusively chrysotile (7). In subsequent analysis of ﬁbres
from North Carolina and South Carolina by transmission electron microscopy, 0.04%
of the ﬁbres were identiﬁed as amphiboles (55). Lung cancer mortality was elevated
in an exposure-related fashion and reached an SMR of 2.50 (95% CI: 1.60–3.72) in
the high-exposure category. The risk of lung cancer increased with cumulative ﬁbre
exposure (rate ratio: 1.102 per 100 ﬁbre-years/mL, 95% CI: 1.044–1.164, for total career
exposure) (7).

Elevated mortality
from lung cancer
has been observed
in chrysotile mine
workers, chrysotile
friction product
plant workers and
textile mill workers
exposed to chrysotile

Non-occupational exposure
There are few studies on lung cancer in people with non-occupational exposure to
asbestos and even fewer in which chrysotile speciﬁcally has been investigated.
In a cohort of 1964 wives (not working in the asbestos mills) of asbestos cement
workers in Casale Monferrato, Italy, the risk of dying from lung cancer was slightly
elevated (SMR: 1.50; 95% CI: 0.55–3.26). The asbestos used was mainly chrysotile, but
included approximately 10% crocidolite (56). A slightly elevated lung cancer risk was
observed among spouses of workers in an amosite factory in New Jersey, USA (SMR
for male spouses of workers with more than 20 years of exposure, 1.97 [95% CI: 1.12–
3.44], and for female spouses of workers with more than 20 years of exposure, 1.70
[95% CI: 0.73–3.36]) (57).

4

Cumulative exposure is expressed in units of (ﬁbres/mL) × years. These units are given hereafter as ﬁbre-years/
mL.
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Meta-analyses
In an informal meta-analysis of 13 studies with dose–response information available in
1986, WHO estimated the risk of lung cancer and mesothelioma in asbestos-exposed
smokers and non-smokers (58). Most of these studies have since been updated,
new studies have become available and formal meta-analyses of studies on lung
cancer among chrysotile-exposed workers have been performed, with the main aim to
investigate the carcinogenic potency of chrysotile, especially in comparison with that
of amphibole asbestos species. Another objective of the meta-analyses has been the
elucidation of possible differences in the carcinogenic potency of ﬁbres of different
dimensions (i.e. length and thickness).
Lash et al. (59) conducted a meta-analysis based on the ﬁndings from 22 published
studies on 15 asbestos-exposed cohorts with quantitative information on asbestos
exposure and lung cancer mortality. Substantial heterogeneity was found in the slopes
for lung cancer between these studies. The heterogeneity was largely explained by
industry category (mining and milling, cement and cement products, or manufacturing
and textile products), considered to reﬂect the stages of asbestos ﬁbre reﬁnement,
dose measurements, tobacco habits and standardization procedures. There was no
evidence that differences in ﬁbre type (predominantly chrysotile, chrysotile mixed
with other, or other) would explain the heterogeneity of the slope – in other words,
there was no difference in the potency to cause lung cancer between the different
ﬁbre types.
Hodgson & Darnton (60) performed a meta-analysis based on 17 cohort studies with
information on the level of asbestos exposure. Marked heterogeneity was observed
in the potency slope derived from different chrysotile-exposed cohorts; the risk
estimated from the South Carolina, USA, asbestos textile plants (approximately 6%
per ﬁbre-year/mL) was similar to the average in the amosite-exposed cohorts (5% per
ﬁbre-year/mL), whereas that from the Quebec, Canada, mine studies was only 0.06%
per ﬁbre-year/mL, and the studies in asbestos cement and friction product plants
were intermediate in risk. Hodgson & Darnton (60) decided to exclude the South
Carolina study from the calculation, mainly because the risk derived for the cohorts
with mixed exposure (chrysotile + amphibole) was approximately 10% of that with
pure amphibole exposures, and concluded that the potency of chrysotile to cause
lung cancer was 2–10% of that of the amphiboles. Their “best estimate” for excess
lung cancer from exposure to pure chrysotile was 0.1% per ﬁbre-year/mL. However,
the IARC Working Group (1) noted that there is no justiﬁcation for exclusion of the
South Carolina cohort, because it is one of the highest-quality studies in terms of
the exposure information used in the study. An alternative explanation of the large
difference in the risk estimates from the mining studies and the asbestos textile
studies (also observed in the meta-analysis of Lash et al. (59)) could be the differences
in ﬁbre dimensions: a larger percentage of long ﬁbres was found in samples from the
South Carolina cohort (61) compared with what was previously reported in samples
from the Quebec mines and mills (62). A further possible cause of the difference is
the difference in the quality of the exposure data (18).
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Berman & Crump (63, 64) published a meta-analysis that included data from 15
asbestos cohort studies. Lung cancer risk potency factors, based on a linear exposure–
cancer risk relationship, were derived for ﬁbre type (chrysotile versus amphiboles) and
ﬁbre size (length and width).
As with the previous analyses, substantial variation was found in these studies, with
results for lung cancer varying by 2 orders of magnitude. The slope factor for chrysotile
was 0.000 29 (ﬁbre-year/mL)−1 for Quebec mining and 0.018 (ﬁbre-year/mL)−1 for the
South Carolina textile workers. That for tremolite (vermiculite mines and milling
operations in Libby, Montana, USA) was 0.0026 (ﬁbre-year/mL)−1, with an upper
uncertainty level of 0.03 (ﬁbre-year/mL)−1 , and that for amosite insulation, 0.024 (ﬁbreyear/mL)−1 (64).
In a further analysis of the ﬁbre dimensions, the hypothesis that long chrysotile ﬁbres
are equipotent to long amphibole ﬁbres was rejected for thin ﬁbres (width < 0.2 μm),
but not for ﬁbres of all widths or for thick ﬁbres (width > 0.2 μm). When the South
Carolina cohort was dropped in a sensitivity analysis, the potency in the remaining
studies in the meta-analysis was signiﬁcantly greater for amphiboles than for chrysotile
(P = 0.005). Dropping the Quebec cohort resulted in there being no evidence of a
signiﬁcant difference in potency between the ﬁbre types (P = 0.51) (63).
The IARC Working Group (1) noted that both the Hodgson & Darnton (60) and Berman
& Crump (63, 64) analyses reveal a large degree of heterogeneity in the study ﬁndings
for lung cancer and that ﬁndings are highly sensitive to the inclusion or exclusion
of the studies from South Carolina or Quebec. The reasons for the heterogeneity
are unknown; until they are explained, it is not possible to draw ﬁrm conclusions
concerning the relative potency of chrysotile and amphibole asbestos ﬁbres.

It is not possible
to draw ﬁrm
conclusions
concerning the
relative potency
of chrysotile
and amphibole
asbestos ﬁbres
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IARC conclusions on cancer of the lung
In respect of cancer of the lung, IARC concluded that there is sufficient evidence of
carcinogenicity in humans for all types of asbestos, including chrysotile. This is the
strongest IARC category for describing the strength of evidence (1).

Key new studies
Hodgson & Darnton (65) updated their meta-analysis of the lung cancer and
mesothelioma risks from exposure to different asbestos species following the
publication of data for the North Carolina, USA, chrysotile textile workers and noted
that their original “best estimate”, 0.1% per ﬁbre-year/mL, was practically identical
to the estimate from the North Carolina cohort (RR: 1.102 per 100 ﬁbre-years/mL).
In a cohort study in the largest chrysotile mine in Quinghai, China, all male workers (n =
1539) employed at the beginning of 1981 were followed until the end of 2006. Mortality
from different causes was compared with the national rates. Using a method with a
sensitivity of 0.001%, no amphiboles were detected in the ore. The ﬁbre exposure
(estimated from gravimetric dust measurements in 2006) was 2.9–63.8 ﬁbres/mL. The
SMR for lung cancer was 4.71 (95% CI: 3.57–6.21). The SMR for the non-smoking
chrysotile-exposed workers (miners and millers) was 1.79 (95% CI: 0.49–6.51), and that
for the non-smoking referents (rear services and administration), 1.05 (95% CI: 0.19–
5.96). For the smoking miners/millers, the SMR was 5.45 (95% CI: 4.11–7.22), and for
the smoking referents, 1.66 (95% CI: 0.71–3.88) (11). Lung cancer mortality increased
with increasing estimated ﬁbre exposure, and the SMR was 1.10 (95% CI: 0.47–2.28),
4.41 (95% CI: 2.52–7.71), 10.88 (95% CI: 6.70–17.68) and 18.69 (95% CI: 12.10–28.87) in
the groups with estimated cumulative exposures of < 20, 20–100, > 100–450 and > 450
ﬁbre-years/mL, respectively (12). In an overlapping study of all 1932 workers employed
for at least half a year between 1981 and 1988 and followed until 2010, the lung cancer
SMR among the group considered directly exposed was 2.50 (95% CI: 1.85–3.24) (10).
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In the largest chrysotile factory in China, situated in Chongqing, in a follow-up of 584
male workers for 37 years, the SMR for lung cancer was 4.08 (95% CI: 3.12–5.33)
(14, 15). The risk increased with estimated exposure and was seen in both non-smokers and smokers. In females (n = 277), with a total employment time of only 19 years,
a statistically non-signiﬁcant excess of lung cancer was observed (SMR: 1.23; 95%
CI: 0.34–4.50). The chrysotile used in the factory was from a single source in China,
and the content of tremolite was less than 0.001% (66). An RR of 1.23 (95% CI:
1.10–1.38) per 100 ﬁbre-years/mL was estimated by ﬁtting a log-linear model with a
10-year exposure lag (67).
In 2011, Lenters and co-workers (18) analysed the association of the quality of exposure assessment with the estimated lung cancer potency of asbestos exposure in a
meta-analysis of 18 industrial cohorts and 1 population-based case–referent study.
Stratiﬁcation by exposure assessment characteristics revealed that studies with well
documented exposure assessment, larger contrast in exposure, greater coverage of
the exposure history by exposure measurement data and more complete job histories had higher potency slope values than did studies without these characteristics.
Differences in potency for chrysotile compared with amphibole asbestos were less
evident when the meta-analysis was restricted to studies with higher-quality exposure
data (18).
In order to better evaluate the carcinogenic potency of asbestos ﬁbres at low exposure
levels, van der Bij and collaborators (19) applied, in addition to linear dose–exposure models, a spline function to the lung cancer and exposure data from the studies
with no fewer than two risk estimates at different exposure levels. The spline function has the advantage that responses at high exposures do not excessively determine
the dose–response relationships at low exposure levels. They found that in exposure
to chrysotile alone, the relative lung cancer risks at lifetime exposures to 4 and 40
ﬁbre-years/mL were 1.006 and 1.064, respectively (natural spline function with correction for intercept). After stratiﬁcation by ﬁbre type, a non-signiﬁcant 3- to 4-fold
difference in RRs between chrysotile and amphibole ﬁbres was found for exposures
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below 40 ﬁbre-years/mL. The difference in potency between chrysotile and amphiboles thus was considerably smaller than in the earlier analyses (60, 63). As in the
other meta-analyses, risk estimates for chrysotile were very different for the South
Carolina, USA, and Quebec, Canada, studies.
Kumagai and coworkers (68) assessed the relationship between lung cancer mortality
and asbestos exposure in the vicinity of an asbestos factory, based on meteorological
modelling of the town of Hashima, Japan, where an amosite–chrysotile plant operated
in 1943–1991. Excluding individuals with occupational exposure to asbestos or silica,
lung cancer risk was elevated among those with highest estimated environmental
asbestos exposure (SMR: 3.5; 95% CI: 1.52–5.47).

Malignant
mesothelioma
has been linked
to occupational,
domestic and
environmental
exposure to asbestos

The standardized incidence ratio (SIR) for lung cancer during a 10-year period in 15
villages in Turkey with environmental asbestos exposure was 1.82 (95% CI: 1.42–2.22)
in men and 1.80 (95% CI: 1.43–2.00) in women, in comparison with 12 villages with
no asbestos exposure. The estimated lifetime asbestos exposure range was 0.19–4.61
ﬁbre-years/mL; the ﬁbre type was either tremolite or a mixture of tremolite + actinolite
+ chrysotile or anthophyllite + chrysotile. Lung cancer risk was elevated in both nonsmokers (SIR: 6.87; 95% CI: 3.58–13.20) and smokers (SIR: 12.50; 95% CI: 7.54–20.74)
(69).

Mesothelioma
Studies in experimental animals
After intrapleural or intraperitoneal injection of chrysotile, mesothelioma induction was
consistently observed in rats, when samples contained a sufﬁcient number of ﬁbres
with a ﬁbre length of greater than 5 μm. In several studies in rats, mesotheliomas
were also observed after inhalation exposure to chrysotile (1).

Studies in humans
Occupational exposure
An excess of mesothelioma has been reported in cohort studies of chrysotile-exposed
miners and millers (38 cases out of a total of 6161 deaths) in Quebec, Canada (3),
and of asbestos textile workers (3 cases out of 1961 deaths) in South Carolina, USA,
who were predominantly exposed to chrysotile asbestos imported from Quebec (6).
However, the fact that chrysotile mined in Quebec is contaminated with a small percentage (< 1%) of amphibole asbestos (tremolite) complicates the interpretation of
these ﬁndings. McDonald et al. (70) found that in the Quebec mining areas, the mortality from mesothelioma was 3 times higher among workers from mines in Thetford
Mines, a region with higher concentrations of tremolite, than among those from mines
in Asbestos, with lower concentrations of tremolite. However, Begin et al. (71) noted
that although tremolite levels may be 7.5 times higher in Thetford Mines than in
Asbestos, the rate of mesothelioma in the asbestos mine/mill workforce of these two
towns was similar. This does not support the notion that the tremolite content of the
ores is the determinant of mesothelioma risk in Quebec chrysotile workers.
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No cases of mesothelioma among the total of 803 deaths were observed in the
Connecticut, USA, friction material plant workers exposed to chrysotile (52).
There were two cases of malignant pleural tumours among asbestos textile workers
who received compensation for work-induced asbestosis in Italy; this represents a
greatly increased risk (SMR: 22.86; 95% CI: 2.78–82.57). There was a more pronounced
increase in the risk of peritoneal tumours. The exposure was described as “mainly
chrysotile”, but no quantitative data on the exposure were provided (53).
Among 126 cases of mesothelioma identiﬁed in six referral hospitals in South Africa,
23 cases had mined Cape crocidolite; 3 had mined amosite; and 3, crocidolite plus
amosite. None had purely chrysotile exposure (72). It should be noted that chrysotile
mining began later, and production levels were lower than in the crocidolite and
amosite mines of South Africa.
Cases of mesothelioma have been reported among asbestos miners in Zimbabwe (73).
Chrysotile from Zimbabwe has been reported to contain 3 orders of magnitude less
tremolite than that from Thetford Mines, Quebec (74).
Asbestos textile workers in North Carolina, USA, were primarily exposed to chrysotile
imported from Quebec, Canada. Large excesses of both mesothelioma (SMR: 10.92;
95% CI: 2.98–27.96) and pleural cancer (SMR: 12.43; 95% CI: 3.39–31.83) were
observed (7).
Two cases of mesothelioma were observed in the 1990 study in the Balangero, Italy,
chrysotile mine (54). However, in a follow-up until 2003, four pleural and one abdominal
mesothelioma were identiﬁed, giving SMRs of 4.67 (95% CI: 1.27–11.96) for pleural
mesothelioma and 3.16 (95% CI: 1.02–7.36) for all mesothelioma (5).

Non-occupational exposure
Since the ﬁrst large case-series published by Wagner and co-workers (75) linking malignant mesothelioma to occupational, domestic and environmental exposure to asbestos,
at least 376 cases of mesothelioma for which domestic exposure to asbestos has been
considered the causative agent have been published in some 60 scientiﬁc papers (76).
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Three cases of mesothelioma were identiﬁed in 1980–2006 from the mesothelioma
registry in Piedmont, northern Italy, among white collar workers of the Balangero
chrysotile mine, three among employees of a subcontractor working as lorry drivers
in the mine, four among persons living in the vicinity of the mine, one the wife of a
mine worker and ﬁve cases who had had contact with the main tailings (4). No ﬁbrous
amphiboles were found, but 0.2–0.5% of a ﬁbrous silicate, balangeroite, was identiﬁed
in the chrysotile mined in Balangero (54).
In a cohort of 1780 wives (not working in the asbestos mills) of asbestos cement workers in Casale Monferrato, Italy, the risk of dying from malignant pleural tumours was
elevated in 1965–2003 (SMR: 18.00; 95% CI: 11.14–27.52). The asbestos used was
mainly chrysotile, but included approximately 10% crocidolite (56, 77). The incidence
of histologically veriﬁed pleural mesothelioma in 1999–2001 was also elevated in a
roughly latency- and exposure duration–dependent way, reaching an SIR of 50.59
(95% CI: 13.78–129.53) in the group with a latency of at least 40 years and duration
of exposure of at least 20 years.
In a population-based case–referent study in a local health area of Casale Monferrato,
Italy, the association between non-occupational asbestos exposure and malignant
mesothelioma was examined for 116 cases of mesothelioma diagnosed in 1987–1993
and 330 referents. The odds ratio (OR) for the cases to be a spouse of an asbestos
worker was 4.5 (95% CI: 1.8–11.1); the OR for the cases to be a child of an asbestos worker was 7.4 (95% CI: 1.9–28.1). The risk was inversely related to the distance
between the residence and the asbestos factory, reaching an OR of 27.7 (95% CI:
3.1–247.7) for those ever living less than 500 m from the factory. In 1984, the average asbestos concentrations in the air were reported to be 0.011 ﬁbre/mL close to the
plant and 0.001 ﬁbre/mL in the residential area. In different studies, the proportion of
amphiboles varied between 3% and 50% of total asbestos ﬁbres (78).
Of the 162 female cases of fatal mesothelioma in Canada and the USA in 1966–1972,
three occurred in wives of workers in Quebec chrysotile mines (79). In a case–referent study among wives of workers in Quebec chrysotile mines, the risk of living with
a mine worker for less than 40 years was associated with a mesothelioma risk of 3.9
(95% CI: 0.4–35); the risk of living with a mine worker for more than 40 years was
associated with a risk of 7.5 (95% CI: 0.8–72). All cases had lived with a worker from
the mine in Thetford Mines, where the chrysotile ore was contaminated with tremolite (80).
In several countries or regions in different parts of the world – Turkey, Greece, Cyprus,
Corsica, Sicily, New Caledonia, Yunnan province, China, and California, USA – there
are areas with a high incidence of mesothelioma, apparently caused by asbestos or
erionite in soil (1, 81).
In a case–referent study of 1133 mesothelioma cases and 890 referents in California,
the risk of mesothelioma was observed to be inversely related to the distance of the
residence from naturally occurring asbestos ultramaﬁc rocks, which contain serpentinic asbestos. The mesothelioma risk decreased with an SMR of 0.937 (95% CI:
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0.895–0.982) per 10 km of distance, adjusted for age and probability of occupational
asbestos exposure (82).
In a case–referent study of 68 cases of mesothelioma in New Caledonia, the prevalence
of mesothelioma in different parts of the island was related to the serpentinite content
of the soil, not to mining activity or the use of the traditional lime, “pö”, to cover
houses (83).

Meta-analyses
From a meta-analysis of cohort studies with quantitative information on exposure,
Hodgson & Darnton (60) estimated that the excess mesothelioma risk was 0.1% per
ﬁbre-year/mL for cohorts exposed to chrysotile.
The meta-analysis conducted by Berman & Crump (64) was based on the analysis
of the slopes that were estimated assuming that the mortality rate from mesothelioma increases after exposure ceases approximately as the square of time since ﬁrst
exposure (lagged 10 years). The slope factor, indicating potency, was estimated to be
0.15 × 10−8 per year2 × ﬁbres/mL for the South Carolina, USA, plants and 0.018 ×
10−8 per year2 × ﬁbres/mL for the Quebec, Canada, mines, representing exposure to
chrysotile, whereas the estimate for the Patterson, New Jersey, USA, factory where
the asbestos species used was amosite was 3.9 × 10−8 per year2 × ﬁbres/mL. In a
further analysis in which ﬁbre size was considered, the hypothesis that chrysotile and
amphibole forms of asbestos are equipotent was strongly rejected (P ≤ 0.001), and
the hypothesis that the potency of chrysotile asbestos was zero was not rejected (P
≥ 0.29).
The IARC Working Group (1) noted that there is a high degree of uncertainty concerning the accuracy of the relative potency estimates derived from the Hodgson &
Darnton (60) and Berman & Crump (64) analyses because of the severe potential for
exposure misclassiﬁcation in these studies.
The study of textile workers in North Carolina, USA (7), was not included in the
meta-analyses. Based on the approach used by Hodgson & Darnton (60), the authors
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of the North Carolina study (7) estimated that the percentage of deaths was 0.0098%
per ﬁbre-year/mL for workers followed for at least 20 years. This estimate is considerably higher than the original estimate developed by Hodgson & Darnton (60) of 0.001%
per ﬁbre-year/mL for cohorts exposed to chrysotile.
Bourdes and coworkers (84) performed a meta-analysis of available studies on household and neighbourhood exposure to asbestos and mesothelioma risk and came up
with estimated summary RRs of 8.1 (95% CI: 5.3–12) for household exposure and
7.0 (95% CI: 4.7–11) for neighbourhood exposure.

IARC conclusions on mesothelioma
In respect of mesothelioma, IARC concluded that there is sufficient evidence of
carcinogenicity in humans for all types of asbestos, including chrysotile. This is the
strongest IARC category for describing the strength of evidence (1).

Key new studies
Hodgson & Darnton (65) updated their meta-analysis of the potency of different
asbestos ﬁbres to cause mesothelioma following the publication of the North Carolina,
USA, study (7) and revised their potency estimate upward to 0.007% per ﬁbre-year/
mL.
Of a total of 259 deaths in the Chinese asbestos factory workers (16), 2 were from
mesothelioma, whereas no mesotheliomas were reported among the 428 total deaths
in the Chinese chrysotile miner cohort (11). The tremolite content of the chrysotile
studied in these studies was less than 0.001%. In a brief report, it was stated that
the mesothelioma incidence in the asbestos (almost exclusively chrysotile) production areas in China was 85/1 000 000, whereas it was 1/1 000 000 in the general
population (35). It is not clear what proportion of the excess risk observed is
due to environmental exposure and
what proportion is due to occupational
exposure.
Exposure to asbestos was studied
among 229 malignant mesothelioma
patients identiﬁed from the Australian
Mesothelioma Registry and diagnosed
between 2010 and 2012. For 70, no
occupational exposure was discovered;
these included 37 who had performed
a major renovation of their housing with
asbestos-containing materials, 35 who
had lived in a house during a renovation with asbestos-containing materials,
19 who had lived in a house built of
ﬁbro (asbestos cement sheet), 19 who
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had lived with someone working in an asbestos-exposed job, 12 who had performed
brake/clutch work (non-professionally), 10 who had visited Wittenoom (the western
Australian city with a crocidolite mine) and 8 who lived in the vicinity of an asbestos
mine or asbestos products factory (total does not add to 70 because a number of participants were counted in more than one category) (85).
In a case–referent study in the United Kingdom, exposure to asbestos was studied by
detailed interview of 622 mesothelioma patients and 1420 population referents. The OR
for living with an exposed worker before the age of 30 years was 2.0 (95% CI: 1.3–3.2).
No information was available on the ﬁbre type (86).
The prevalence of malignant pleural mesothelioma was elevated in the vicinity of a
chrysotile asbestos plant in north Cairo, Egypt. The increased prevalence was limited
to the immediate vicinity of the factory and people estimated to have had a cumulative
exposure of 20 ﬁbre-years/mL (87). (This study was not included in the meta-analysis
of Goswami and co-workers (88) described below.)
In a cohort study of inhabitants of 15 villages in Turkey with environmental asbestos
exposure and 12 villages with no such exposure, there were 14 deaths from
mesothelioma in men out of a total of 79 cancer deaths; for women, the number
of mesothelioma deaths was 17 out of a total of 40 cancer deaths. The estimated
lifetime asbestos exposure range was 0.19–4.61 ﬁbre-years/mL; the ﬁbre type was
either tremolite or a mixture of tremolite + actinolite + chrysotile or anthophyllite +
chrysotile (69). (This study was not included in the meta-analysis of Goswami and
co-workers (88) described below.)

Occupational
exposure to
chrysotile also
causes nonmalignant
lung diseases

In a meta-analysis of 12 cohort and case–referent studies on mesothelioma after
domestic exposure to asbestos, Goswami and coworkers (88) estimated a summary
RR of 5.02 (95% CI: 2.48–10.13). In six studies, the ﬁbre type was not speciﬁed; in
one, it was chrysotile; and in four, it was chrysotile with other ﬁbres.

Asbestosis
Of 8009 deaths among Quebec, Canada, miners and millers in 1972–1992, 108 were
caused by pneumoconiosis (3). In the South Carolina, USA, cohort, the SMR for pneumoconiosis and other pulmonary diseases was 4.81 (95% CI: 3.84–5.94), and that
for asbestosis, 232.5 (95% CI: 162.8–321.9); there were 36 deaths from asbestosis
and 86 from pneumoconiosis out of a total of 1961 deaths (6). In the North Carolina,
USA, chrysotile textile worker cohort, the SMR for pneumoconiosis was 3.48 (95% CI:
2.73–4.38) (7).
The SMR for asbestosis in the Chinese chrysotile textile cohort was 100 (95% CI: 72.55–
137.83) (14). In the Balangero, Italy, mine cohort, there were 21 cases of asbestosis out
of a total of 590 deaths (5).
One should note, however, that the pneumoconioses have never been reliably recorded
as a cause of death on death certiﬁcates. Additionally, mortality studies are generally
not sufﬁcient to detect clinically signiﬁcant morbidity. Equally, in studies of morbidity,

温石棉 / 31

the etiological or diagnostic speciﬁcity of the usual methods of assessment (i.e. chest
radiography, physiological testing and symptom questionnaire) is limited. Many studies show that exposure to chrysotile induces decrement in lung function, radiological
changes consistent with pneumoconiosis and pleural changes (2).
A dose-related reduction in vital capacity (P = 0.023) and expiratory volume (P < 0.001)
was observed with increasing cumulative exposure (i.e. > 8 ﬁbre-years/mL) to
chrysotile asbestos in miners and millers in Zimbabwe who were exposed for more
than 10 years (89).
Chest X-ray changes among textile and friction product workers in China were
reported by Huang (90). A cohort of 824 workers employed for at least 3 years in
a chrysotile products factory from the start-up of the factory in 1958 until 1980,
with follow-up through to September 1982, was studied. Overall, 277 workers were
diagnosed with asbestosis during the follow-up period, corresponding to a period prevalence of 31%. Exposure–response analysis, based on gravimetric data converted to
ﬁbre counts, predicted a 1% prevalence of Grade I asbestosis at a cumulative exposure of 22 ﬁbre-years/mL.
Asbestosis was also detected in 11.3% of wives of asbestos-exposed shipyard workers
with a 20-year work history and in 7.6% of their sons. The asbestos type was not
speciﬁed (91). One or more radiological signs of asbestosis were observed in 35% of
the household contacts of amosite asbestos insulation workers (92). The prevalence
of pleural calciﬁcations was increased 10.2-fold (95% CI: 2.8–26.3) among blood
relatives of workers in chrysotile asbestos factories and 17.0-fold (95% CI: 7.7–32.2)
among people living in the vicinity of a factory using Russian and Canadian chrysotile
asbestos (93).
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IPCS conclusions
In addition to lung cancer and mesothelioma, occupational exposure to chrysotile also
causes non-malignant lung diseases that result in deterioration in lung function, in
particular a form of lung ﬁbrosis described by the term asbestosis (2).

Global burden of disease
No studies are available speciﬁcally on the global burden of disease caused by
chrysotile. However, more than 90% of all asbestos used historically and practically
all asbestos used today is chrysotile; thus, the estimates made of the populations
exposed to asbestos are largely directly valid for chrysotile.

Cancer of the lung
Based on the methods of Driscoll et al. (33), the burden of disease estimate for lung
cancer was updated by Prüss-Üstün and collaborators (94). Using the combined relative risk (SMR 2.0) of lung cancer in 20 cohort studies published by 1994 (95) and
the estimated proportion of the population actually exposed to asbestos in the different WHO regions, Prüss-Üstün and collaborators (94) estimated that in the year
2004, asbestos caused 41 000 lung cancer deaths and 370 000 disability-adjusted
life years (DALYs).

In the year 2004,
asbestos caused
41 000 lung
cancer deaths

In an effort to estimate the global lung cancer burden from exposure to asbestos,
McCormack and co-workers (96) studied the ratio of excess lung cancer deaths to
excess mesothelioma deaths associated with exposure to different asbestos ﬁbre
types. This ratio was 6.1 (95% CI: 3.6–10.5) in the 16 available chrysotile-exposed
cohorts. The authors were not able to derive an estimate for the total number of
deaths or DALYs for asbestos-induced lung cancer. They concluded that in exposure
to chrysotile, the observation of few mesothelioma deaths cannot be used to infer “no
excess risk” of lung or other cancers.

Mesothelioma
Driscoll and co-workers (33) estimated the
global burden of mesothelioma deaths and
DALYs based on the notion that mesothelioma is nearly always caused by exposure
to asbestos, using the proportion of workers
in different economic sectors (agriculture,
mining, manufacturing, electrical, construction, trade, transport, ﬁnance and services)
who are exposed to asbestos in Europe, the
population numbers in these subsectors, as
developed in the CAREX database by the
Finnish Institute of Occupational Health, and
an average mesothelioma risk for different
asbestos species from the study of Hodgson
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& Darnton (60). The global burden estimates, updated for the year 2004 worldwide,
were 59 000 deaths and 773 000 DALYs from malignant mesothelioma (33, 97).

Asbestosis
Driscoll and co-workers (98) estimated the global burden of asbestosis deaths and
DALYs based on the notion that asbestos is the only cause of asbestosis, using the
proportion of workers in different economic sectors (agriculture, mining, manufacturing, electrical, construction, trade, transport, ﬁnance and services) who are exposed
to asbestos in Europe, the population numbers in these subsectors, as developed in
the CAREX database by the Finnish Institute of Occupational Health, and published
risks of developing asbestosis at different levels of exposure to chrysotile (99). The
global burden estimates for the year 2000 worldwide were 7000 deaths and 380 000
DALYs from asbestosis.

Chrysotile substitute fibres5
A WHO Workshop on Mechanisms of Fibre Carcinogenesis and Assessment of
Chrysotile Asbestos Substitutes (100) was convened at IARC in Lyon, France, in
response to a request from the Intergovernmental Negotiating Committee for the
Rotterdam Convention on the Prior Informed Consent Procedure for Certain Hazardous
Chemicals and Pesticides in International Trade (INC). The substitutes considered by
the WHO workshop included the 12 chrysotile substitutes identiﬁed by the INC for priority assessment by WHO, 2 substances from a second list provided by the INC to be
assessed if resources allow and 1 further substance for which data were submitted in
response to WHO’s public “call for data” for the workshop.

5
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This section is largely taken from reference 100.

Methodological aspects
The workshop established a framework for hazard assessment based on epidemiological data, in vivo experimental animal data on carcinogenicity and potential to cause
lung ﬁbrosis, and mechanistic information, genotoxicity data and biopersistence data
as determinants of dose at the target site and possible indicators of carcinogenic
potential. Noting that substitutes may be used in a variety of applications with different exposure potential, either alone or in combination with other substances, the
workshop did not embark on risk assessment, but rather limited its work to assessing the hazard.
The workshop concluded that epidemiological studies on ﬁbres have a clear advantage over toxicological studies, in that they involve studies of humans. They also have
the advantage that they study the effects of exposure in the real world, where the
effects of these exposures may be mitigated or enhanced by other factors. Despite
these obvious advantages, the presence or absence of evidence of risk from epidemiological studies does not always override contrary ﬁndings from toxicological studies.
The interpretation of either positive or non-positive epidemiological ﬁndings needs to
be carefully considered in light of the strengths and weaknesses of the study design.
Carcinogenic response in experimental animals (lung cancer, mesothelioma) and
ﬁbrosis were considered to be the key effects; epithelial cell proliferation and inﬂammation were not regarded to be equally important indicators of human health hazard.
From studies with asbestos, it is apparent that the sensitivity of the rat to ﬁbre-induced
lung tumours in inhalation studies is clearly lower than that of humans. This holds
true when the effect is related to exposure concentrations and lung burdens. In comparison, testing of ﬁbres by intraperitoneal injection represents a useful and sensitive
assay, which also avoids the confounding effects of granular dusts.

The global burden
estimates for the
year 2000 worldwide
were 7000 deaths
and 380 000 DALYs
from asbestosis

Fibres may act in principle on all steps in tumour development. However, of these
interactions, the in vitro genotoxicity tests are mainly indicative of genotoxic effects
involved in the ﬁrst steps of tumour initiation. Effects related to biopersistence of
ﬁbres (e.g. continuous “frustrated
phagocytosis”)
and
secondary genotoxicity arising
from reactive oxygen and nitrogen
species and mitogen release by
macrophages and inﬂammatory
cells are not detected in routinely
used genotoxicity tests. Therefore,
negative results indicate a lack of
primary genotoxicity, but do not
exclude effects on later steps of
carcinogenesis.
The chemical composition of
the substitutes is a key factor
inﬂuencing their structure and
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physicochemical properties, such as surface area, surface reactivity and solubility.
Attention should be paid not only to the chemical composition of the ﬁbres, including
their major and trace elements, but also to contaminants or accompanying elements,
including their speciation. Fibre-derived free radical generation favours DNA damage and mutations. Surface properties are a determining factor in the inﬂammatory
response. In relation to ﬁbre dimension and deposition, one can assume that there
exists a continuous variation in the carcinogenic potency of respirable ﬁbres, which
increases with length. Biopersistence of a ﬁbre increases tissue burden and therefore
may increase any toxicity the ﬁbre might possess. For synthetic vitreous ﬁbres, there
is evidence in experimental animals that the potential for carcinogenicity increases
with biopersistence. This has not been demonstrated, however, for other ﬁbres. For all
ﬁbres, the ﬁbres must be respirable to pose an appreciable hazard.
Respirability is mainly determined by diameter and density; thus, with a given ﬁbre
diameter, a higher speciﬁc density is associated with lower respirability (note that the
speciﬁc density of most organic ﬁbres is lower than the speciﬁc density of inorganic
ﬁbres).

Hazard assessment
The workshop decided to group substitutes roughly into hazard groupings of high,
medium and low. However, for some substitutes, there was insufﬁcient information to
draw any conclusion on hazard; in these cases, the workshop categorized the hazard
as indeterminate (a category that is not comparable to the other groupings). The
hazard groups high, medium and low should be considered in relation to each other
and do not have reference to formal criteria or deﬁnitions, as such. It is important to
note that for each substitute, the ﬁbre dimensions of commercially available products
may vary, and the workshop did not assess this variation. The substitutes are listed
below in alphabetical order.
para-Aramid releases respirable ﬁbres with dimensions similar to those of known carcinogenic ﬁbres. p-Aramid ﬁbres have induced pulmonary effects in animal inhalation
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studies. Biopersistence was noted. The workshop considered the human health hazard to be medium.
Most natural deposits contain attapulgite ﬁbres that are less than 5 μm in length; at
workplaces, the mean ﬁbre length was less than 0.4 μm. The hazard from exposure
to respirable attapulgite is likely to be high for long fibres and low for short fibres. This
assessment is mainly based on ﬁndings in long-term inhalation experiments in animals, in which tumours were seen with long ﬁbres; no tumours were seen in studies
with short ﬁbres.
The nominal diameter of carbon fibres ranges from 5 to 15 μm. Workplace exposure
in production and processing is mostly to non-respirable ﬁbres. The workshop considered the hazard from inhalation exposure to these ﬁbres to be low.
Most cellulose fibres are not respirable; for these, the hazard is low. For respirable
ﬁbres, the available data do not allow the evaluation of the hazard; the hazard is thus
indeterminate.
The dimensions of graphite whiskers indicate high respirability, and they have a long
half-time in the lungs. However, in the absence of any further useful information, the
hazard from inhalation exposure was considered to be indeterminate.

The ﬁbres must be
respirable to pose an
appreciable hazard

Magnesium sulfate whiskers did not induce tumours in limited inhalation and intratracheal administration studies, were negative in limited short-term tests and are very
quickly eliminated from the lung. It was discussed whether the hazard grouping
should be low or indeterminate. On the basis of the data available, in the time available, consensus was not reached.
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For respirable polyethylene, polyvinyl chloride and polyvinyl alcohol fibres, the data
were insufﬁcient for hazard classiﬁcation, and the working group thus considered the
hazard indeterminate.
In facilities producing polypropylene fibres, exposure to respirable ﬁbres occurs. After
intratracheal administration, respirable polypropylene ﬁbres were highly biopersistent;
however, no ﬁbrosis was reported in a subchronic animal study. However, the data are
sparse, and the human health hazard potential was considered to be indeterminate.
The workshop considered that respirable potassium octatitanate fibres are likely to
pose a high hazard to humans after inhalation exposure. At workplaces, there is exposure to respirable ﬁbres. There was a high and partly dose-dependent incidence of
mesothelioma after intraperitoneal injection in two species (high incidence indicating
high potency). There is evidence of genotoxicity. Biopersistence was noted.
Wool-like synthetic vitreous fibres (including glass wool/ﬁbrous glass, mineral wool,
special-purpose vitreous silicates and refractory ceramic ﬁbre) contain respirable
ﬁbres. For these ﬁbres, the major determinants of hazard are biopersistence, ﬁbre
dimensions and physicochemical properties. It was noted that the available epidemiological data are not informative, due to mixed (vitreous ﬁbre) exposures or other
design limitations. Based on inhalation exposure studies, intraperitoneal injection
studies and biopersistence studies, it was concluded that the carcinogenic hazard
could vary from high to low, with high for the biopersistent ﬁbres and low for the
non-biopersistent ﬁbres.
Natural wollastonite contains respirable ﬁbres. In occupational settings, exposure is
mainly to short ﬁbres. In chronic studies, wollastonite did not induce tumours after
intraperitoneal injection in animals; however, samples of wollastonite were active in
different studies for genotoxicity. After considering this apparent discrepancy, it was
concluded that the hazard was likely to be low.
In a limited study with intraperitoneal implantation, xonotlite did not induce tumours.
After intratracheal injection in a chronic study, no inﬂammatory or ﬁbrotic reaction
of the lung was observed. The chemical composition of xonotlite is similar to that of
wollastonite, but it is more rapidly eliminated from the lung. The workshop considered
the human health hazard to be low.
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Average 600 ﬁbre-years/mL

Average 46 ﬁbre-years/mL

ND

99% < 200 ﬁbre-years/mL,
average 26–28 ﬁbre-years/mL

Average (range) 17.1
(< 0.1–2 943.4) ﬁbre-years/mL

< 100 – ≥ 400 ﬁbre-years/mL

Average in 2006, 2.9–63.8 ﬁbres/
mL

ND

Median 1, 8 and 23 ﬁbres/mL in
different departments

Chrysotile mining/milling
in Quebec, Canada

Friction products factory
in Connecticut, USA

Asbestos textile mill
in Italy, women with
compensated asbestosis

Asbestos textile mills in
South Carolina, USA

Asbestos textile mills in
North Carolina, USA

Chrysotile mine in
Balangero, Italy

Chrysotile mine in
Quinghai, China

Eight chrysotile textile
factories in China

Asbestos manufacturing
factory in China

No further data on other possible asbestos ﬁbre types.

Mesothelioma data available only for 1999–2003 of the total follow-up period of 1953–2003.

The authors note that mesothelioma may be underreported.

The published paper has no information on the asbestos species, but most likely it is the Chinese chrysotile with < 0.001% amphiboles.

The text of the paper states that there were 148 cases of asbestosis, not 29 as in the tables.

c

d

e

53
4.08 (3.12–5.33)

65
5.3 (2.5–7.1)

56
4.71 (3.57–6.21)

45
1.27 (0.93–1.70)

277
1.96 (1.73–2.20)

198
1.95 (1.68–2.24)

9
6.82 (3.12–12.95)

73
1.49 (1.17–1.87)

657
1.37 (1.27–1.48)

b

259

496

NDd
≤ 0.001% amphiboles

428

590

2 583

≤ 0.001% amphiboles

No amphiboles, 0.2–0.5%
balangeroite

0.04% amphiboles

1 961

123

“Mainly chrysotile”a

0.04% amphiboles

803

8 009

Some anthophyllite in use
during the last 20 years of
follow-up

< 1% tremolite

Exposure to other fibres

Lung cancer deaths
SMR (95% CI)

a

ND: no data

Exposure to chrysotile

Industry and location

Deaths from
all causes

Table 1. Key findings of the cohort studies on the adverse health effects of chrysotile asbestos
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公共卫生与环境
石棉是包括温石棉、青石棉、铁石棉、直闪石、透闪石和阳
起石在内的一组矿物，是最重大的职业性致癌物之一。每年至少
有107 000人死于肺癌等石棉相关疾病。许多国家减少了石棉的使
用，但温石棉仍被广泛使用，尤其在发展中国家。
这一温石棉专题出版物分为三个部分。第一部分是世卫组
织编写的供决策者使用的简洁参考文件，题为“消除石棉相关疾
病”。第二部分答复在政策讨论中常见的问题，专门协助决策者
认清问题。第三部分是温石棉对健康影响的技术总结，首次汇集
和概述世卫组织国际癌症研究机构和世卫组织国际化学品安全规
划最近进行的权威性评估结果。在技术总结中，还审查了在公布
这些评估结果后发表的重要研究报告的成果，并简述世卫组织对
替代品评估得出的结论。
本出版物供政府所有有关官员使用，以便其就如何管理温石
棉暴露对健康的危害作出明智决定。

世界卫生组织
家庭、妇女和儿童卫生部门
公共卫生、环境和健康问题社会决定因素司
Avenue Appia 20 – CH-1211 Geneva 27 – Switzerland
www.who.int/phe/en/
www.who.int/ipcs/en/
Email: ipcsmail@who.int

ISBN 978-92-4-556481-2

