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摘要

皮膚是人體最大的器官，表面積約為2.0 m2，有40%以上的職業病與有害物之皮膚接觸有關。雖然世界各工業化國家「作業環境空氣中有害物職業暴露容許標準」中，有1/4以上列管物質加註皮膚吸收之警語，但是有害物與皮膚接觸的暴露機制遠比空氣中有害物經由呼吸系統暴露情形複雜。目前尚無一致性的暴露評估技術來掌控勞工皮膚暴露之危害，此一研究領域尚處於蓬勃發展期。近年來有關皮膚暴露危害評估技術的研究報告有大幅度成長的趨勢，各國工業衛生專家與政府機關相當重視此一問題。

本屆乃續2002在美國華盛頓特區舉辦的會議之後，第二屆國際形職業與環境化學品皮膚暴露研討會，與會人士有來自世界各國的工業衛生師、職業醫師、皮膚暴露動力學研究專家及政府官員等共計192人。大會有12場主題演說(plenary presentation)、12場短期訓練課程(short course)、6場檢討會(workshop)、2場廠商說明會(vendor seminar)與111篇海報論文(poster)發表。

勞工安全衛生研究所投稿的海報論文“Evaluation of the protective effectiveness of the various gloves from the occupational exposure to N,N-dimethylformamide in the synthetic leather industry”，針對人造皮製造作業勞工使用手套預防二甲基甲醯胺皮膚接觸危害成效之探討。由於該項研究結果兼具完整性與實用性，廣受大家的熱烈討論與迴響。
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1、 目的
1. 參與國際性作業環境有害物皮膚暴露評估技術研討會議。
2. 蒐集刺激性與致敏性物質皮膚暴露最新風險評估技術相關資料。
3. 蒐集化學品皮膚吸收系統危害最新風險評估技術相關資料。

4. 蒐集個人防護具使用許可標準、化學品皮膚暴露減量與皮膚保護等新做法相關資料。
5. 提供國內發展職業性皮膚暴露評估技術與職業性皮膚病防護因應對策之參考。
貳、過程
本屆國際形職業與環境化合物皮膚暴露研討會包括刺激性物質與溼作業、定量風險評估、暴露減量、定性風險評估、系統毒性物質及過敏性物質等六項討論主題；並分別以主題演說、短期訓練課程、檢討會與海報論文等方式進行討論與經驗交流。有關研討會論文標題請詳見附錄一。
1、 刺激性物質與溼作業(Irritants and Wet Work)
在「刺激性物質與溼作業」主題演說中，由德國職業皮膚病理室(Office for Occupational Dermatology) Schmidt發表 “Wet Work as the Most Important Risk Factor for Occupational Dermatoses” 與荷蘭戈尼根大學醫學中心(University Medical Center Groningen) Coenraads發表 “Wet Work: Quantifying the Burden to the Skin”。
Schmidt說明德國職業衛生法規（TRGS Feuchtarbeit）對溼作業的定義為“勞工每日工作中有2小時以上手是溼的作業”。在過去20年職業病統計資料中，德國職業性皮膚病案例在1985與1990有逐漸增加的趨勢，在1990年約有20,000個疑似職業病案例，其中約有5,000個化學物品灼傷的個案。若以職業別區分，美髮業佔42%、醫療保健業佔17%而食品業者佔8%。經過德國職業皮膚病理室制定個人防護具使用許可制度與皮膚保護計畫後，職業性皮膚病就逐年的降低，目前每年約有15,000~16,000案例與1985年情形相當。
Coenraads介紹護士員使用手套時間、更換與洗手頻率對手部可能傷害情況。護士所使用的乳膠手套(Latex gloves)密閉而不通風，長時間佩戴容易造成汗水對皮膚的侵害，作者建議每次佩戴時間不要超過4分鐘。在醫院內護士洗手頻率高，作者建議以酒精擦拭會比使用鹼性肥皂洗手對皮膚的傷害較小。
2、 定量風險評估(Quantitative Risk Assessment) 
在「定量風險評估」主題演說中，由英國安全衛生實驗室(Health and Safety Laboratory, Buxton) Warren介紹 “Bayesian and Probabilistic Exposure Modeling” 與英國伯芝大學(University of Bath) Guy發表 “Method Development and Modeling to Characterize Penetration, Absorption, Dose and Local Effects Resulting from Dermal Exposures”。

有別於傳統單一變數職業性皮膚暴露評估模式，Warren同一產業中勞工皮膚暴露的工作形態、皮膚暴露、個人防護具使用情形及其他生理因素同時列入統計方法評估模式。在他的皮膚暴露評估模式中，使用二維蒙地卡羅數位模擬(2-dimensional Monte Carlo simulation)同時估計變易度與不確定度。
Potts與Guy在90年代初期使用一簡化的化學品皮膚吸收模式，並以理論與實驗數據建立當今皮膚藥物動力學(dermotopharmacokinetic, DPK)之基石。在他們所研究的皮膚藥物動力學模式中，皮膚對化學品的吸收乃取決於化學品滲透過皮膚的角質層進入細胞外脂肪的過程，因為角質層為皮膚最外的保護層，化學品最難滲透者。實驗的結果顯示，化學品的皮膚滲透係數(permeability coefficient, Kp)與其氫鍵鍵結能力成反比，此與理論預測結果相同。另外，分子量的增加對皮膚吸收有較為複雜的影響，一方面較大的分子擴散較慢即有較小的Kp值，但是另一方面較大分子較為非親水性，較有可能穿過親油性的角質層，而有較高的Kp值。
3、 暴露減量(Exposure Reduction)
在「暴露減量」主題演說中，由德國職業安全衛生研究所(Federal Institute for Occupational Safety and Health Laboratory, Dortmund, Germany) Lechtenberg-Auffarth介紹 “Regulations as a Framework for Risk Assessment and Risk Reduction: Overview of Current Regulations” 與英國環境皮膚服務機構(Enviroderm Services, Evesham, UK) Packham發表 “Controlling Dermal Exposure to Chemical Hazards”。

Lechtenberg-Auffarth指出德國目前每年通報的可疑職業病案中，有30%以上與化學品的皮膚接觸有關。在2004年約15,000皮膚接觸的通報職業病案例中有約1,500個確定職業病，說明每個工作日約有6個因皮膚接觸的職業病發生。皮膚接觸職業病主要發生在花藝業(florists)、美髮業(hair dressers)與醫療保健人員(health care personels)。以花藝業為例德國約有16,000家花店顧用約31,000的勞工，在2002年德國對花藝工作人員宣導“skin-starter-kit”皮膚防護手套的使用後，降低15%的職業保險費率。對於皮膚防護手套的使用，在德國的物質安全資料表(SDS)中，第8章有明確的規定，而在網站(http://www.gisbau.de/giscodes/Liste/INDEX.HTM)公佈有符合皮膚過敏保護手套的清單。2004年德國TRG30規定皮膚防護手套的標準，這些手套需在33℃下測試化學品的破出時間。
4、 定性風險評估(Process-Based Qualitative Risk Assessment)
在「定性風險評估」主題演說中，由英國環境皮膚服務機構(Enviroderm Services, Evesham, UK) Rajan-Sithamparanadarajah發表 “Dermal Exposure Risk Assessment Tools”與Roff發表“Dermal Exposure and Surface Measurement Techniques as a Risk Management Approach ”。

過去30年來有相當多的資源投入對於經由呼吸道暴露有害物的危害評估技術相關的研究，而對呼吸系統職業性疾病的預防已有顯著的成效，另一方面卻令職業性皮膚病相對的顯得重要。
在英國約有20%的職業性疾病與化學品皮膚接觸有關，而每年這方面問題所造成英國經濟的損失約在2億英鎊，其他歐洲與北美洲工業先進國家的職業性皮膚病問題，應有同樣程度的經濟效應。
在1990年代，北美與歐洲的研究與政府人員針對降低溼作業與有害物皮膚接觸危害，訂定了以下的對策：

(1) 詳列有結構的暴露評估程序

(2) 暴露評估方法的標準化

(3) 簡化有害物皮膚暴露評估方法

(4) 簡化評估與控制方法
Roff介紹皮膚有害物暴露危害與表面有害物污染之評估方法；這些包含清洗、擦拭、撕起貼布剝皮、吸收或顯示襯墊、與生物偵測等技術。皮膚接觸與呼吸兩種暴露之評估技術的差異，在於呼吸道的暴露有所謂的「職業性暴露容許濃度標準」(Occupational Exposure Level, OEL)而在皮膚暴露方面則沒有。不過經長時間重複測定結果的比較，可以了解皮膚接觸職業性暴露相關的作業環境與勞工個人衛生改善的情形。生物偵測的結果則可以與職業暴露標準比較，這些標準如美國的Biological Equivalent Indices (BEI)，英國的Health Guidance Values (HGV)與德國的EKA。尚若生物偵測結果比相對於作業環境空氣中有害物濃度所預期的高時，則可進一步的研究及改善勞工因皮膚接觸所造成職業性暴露危害。
5、 全身毒性物質(Systemic Toxics)
大部分的職業暴露標準(OEL)都有皮膚吸收的標記(Skin-Notation)，但是各國在設定皮膚吸收標記的標準上則有相當的差異，而且這些標準通常是定性的而不是定量的。在工業用化學品皮膚吸收率的研究數據是相當有限的，既使有皮膚吸收化學品在不同的研究報告中吸收率也有相當的差異。Johanson建議各國在設定皮膚吸收標記時，應採用標準的皮膚吸收率測定方法，對更多化學品進行皮膚吸收率的測定，使用更一致性與明確的方式去說明皮膚吸收對全身毒性劑量的影響，同時包含化合物在皮膚上蒸發對於皮膚吸收的影響。由於定性的皮膚吸收的標記不足以表示各化學品在皮膚吸收率的差異，作者建議加入皮膚吸收指數（Dermal uptake index, D）以反應皮膚吸收的程度；D =( Pskin/Presp)k, or pD=logD+8。
6、 過敏性物質(Allergens)
在25年前公共衛生專家已經證實天然乳膠手套(Natural Rubber Latex, NRL)會導致過敏。利用皮膚針刺測試(skin prick testing, SPT)結果顯示，有3-17%的醫療保健人員對於NRL有過敏的反應，而對於一般民眾只有1%對NRL有過敏反應。醫療保健人員因NRL引起的過敏症，在流行病學觀點中，雖然已經過了“盛發期”，但在醫療保健人員職業性疾病中，此一過敏症仍有最高的發生率。
今日因NRL引起的過敏症患者並不止以醫療保健人員，其他職業工作者若需要經常使用NRL手套，亦有類似的問題。除此之外，乳膠手套上的粉末飄到空氣中，可能引起呼吸道的過敏與氣喘的問題。一般對於乳膠過敏的人，對於其他的水果如香蕉、鱷梨、栗子及奇異果等也有可能產生過敏，這叫做“乳膠－水果－症狀”。
橡膠樹所採取的乳膠中有250種蛋白質與聚合縮胺酸，而其中有50-60種有導致過敏的可能。第一個乳膠過敏原(REF or Hev b1)由Czuppon在1993年發現之後，目前已有13種乳膠過敏原檢析出分子結構而能加以複製，其中兩種過敏原－hevein (Hev b6.02) 與 Hev b5被認為是最重要的過敏原。因為到目前為止仍無法找出無副作用的有效過敏抗體，避免接觸的預防措施仍然是處理此一過敏流行病症最有效的方法。
7、 短期訓練課程(Short Courses)
大會提供的短期訓練課程中，介紹歐盟2005年對皮膚暴露(dermal exposure)的定義-CEN(TC 137 WG6)、皮膚暴露評估的三種原理與採樣策略、有害物皮膚穿透的動力學模式、化合物刺激性腐蝕性與致敏性的評估方法、有害物容許濃度中皮膚標記與物質安全資料表有關皮膚危害警語的實驗室評估方法、及職業性皮膚病變臨床診斷的最新發展趨勢。
參、心得
參加本屆職業與環境化合物皮膚暴露研討會，發現歐美工業先進國家在職業性皮膚暴露評估技術研究正處於蓬勃發展時期，各國之專家們皆認為有一致性的標準化皮膚暴露評估技術之後，才能制定皮膚暴露劑量的標準。在目前的技術情況下，只能從事比較性的皮膚暴露研究，對於整體皮膚暴露危害控制上的貢獻較為有限。
就本屆發表的論文中，英國伯芝大學(University of Bath) Guy所發表皮膚暴露動力學模式，有可能發展為將來皮膚暴露評估技術發展的基礎，這個模式可以應用在皮膚滲透或者膠帶剝皮實驗上。另外，定性的結構分析關係(Qualitative Structure Analysis Relationship, QSAR)亦可能成為皮膚吸收全身暴露危害評估的重要工具，此一暴露評估觀點已經累積相當的暴露資料，足以構成皮膚暴露評估的資料庫，其中最重要者為各種化合物的皮膚滲透係數，唯早期的研究沒有一致性暴露評估技術，所以部份數據只能比較參考之用。
就我國目前的技術與經濟狀況似乎不利於投入大量的經費進行上述的基礎研究，相對的我們可以引用這些暴露評估模式，應用在職場上勞工皮膚有害物暴露危害的評估上。
肆、建議事項
國內有10-15%(歐美工業先進國家則有30%-40%)的職業病與皮膚接觸有關，本所在此領域暴露評估技術研究比例偏低。以往皮膚暴露危害之相關研究有銅箔基版製造勞工二甲基乙醚、假皮製造勞工二甲基甲醯胺、美髮業工作者染髮劑與泥水工水泥中六價鉻暴露等皮膚接觸暴露的調查。
以下就國內職業衛生中，勞工可能因皮膚接觸有害物而導致的健康危害，提出暴露評估研究建議方案：

1. 目前本所進行的含汞燈具製造業勞工汞暴露危害調查研究，應進一步探討汞皮膚吸收暴露的危害可能。
2. 2005年7月有勞工因長期接觸機械油(machine fluid)引起手部皮膚過敏的疑似職業病案例，應進行勞工使用機械油皮膚接觸暴露調查與國內常用之機械油成份調查與物質安全資料表的建置。
3. 建議建立職業性皮膚病預防諮詢網頁，教育國內醫療保健人員、美髮業工作者、花藝業工作者、泥水工人、機械元件製造業勞工等廣大的職業團體，認知工作環境有害物的危害情形與預防方法。
以上的問題須從皮膚接觸的暴露評估著手，而可以利用區域擦拭或是膠帶剝皮等方式進行。由於目前皮膚暴露評估尚無“職業暴露劑量標準”，皮膚暴露評估則可以用於衡量作業現場與勞工個人衛生改善的情形。
附錄 2005職業與環境化合物皮膚暴露國際研討會資料

Irritants and Wet Work 

Plenary 1.1 - Wet Work as the Most Important Risk Factor for Occupational Dermatoses, A. Schmidt
In the early nineties the German government asked a group of experts in Occupational Dermatology to suggest measures to reduce the increasing number of occupational dermatoses. I belonged to this group and I would like to share our experiences with you, in considering scientific results and practical demands for legal regulations which might meet the given goal as effectively as possible. Always had to be considered that our suggestions would mean costs for the industry and in fact we had strong discussions with industry representatives. 

First we looked at the harmfulness of substances with respect to corrosiveness and how many diseases were caused by these agents. By looking at the occupational accident statistics we soon saw that this was not the main problem and we found out why this was so.

The next issue to look at was the epidemiological data of occupational dermatoses. It became obvious that there was a shortage on valid data. As the German legal system provides good possibilities to record occupational dermatoses nearly completely we did research on these data in a prospective way. Regarding the results of our own and different epidemiological data we found that wet work was at least an important factor. Now we had to rebut the reproach that wet work mostly is accompanied by the influence of other irritant substances, i.e., cleansing agents, emulgators, biocids, etc. We could show from research results and practical experience in a glass factory that wet work itself is a risk factor. 

With all these experiences we started to write the “TRGS Feuchtarbeit” (Approved Code of Practice Wet Work) where wet work is defined and where some important strategies are given to reduce occupational dermatoses. This TRGS being in force for nearly teen years now we can now show good effects in some fields. 

Plenary 1.2 - Wet Work: Quantifying the Burden to the Skin, P.-J. Coenraads
Wet work can be described as all occupational activities that a): cause the skin of one or both hands to be in contact with water or watery soap solutions, and b): necessitate the wearing of protective gloves over a prolonged period of time, causing the hands to become moist from perspiration. Typical occupations where wet work dominates are, for example, cleaning, hairdressing, metalwork, nursing. In occupational skin disease notification registries these occupations rank high in terms of frequency of irritant contact dermatitis. Regulation of wet work has been proposed, and has reached the stage of guidelines in Germany, but little is known about the duration and frequency of exposure to wet work in such occupations, and little is known about the limits of such exposure which should be the basis of guidelines.

In one study the aim was to quantify the duration of wet work activities in nursing work at different wards. With a continuous observation method all activities during typical morning shifts of 45 randomly chosen nurses were monitored by trained observers on duration and frequency of different wet work activities. The findings were compared with those from a questionnaire on frequency and duration of wet work in the same nurses. 

A similar continuous observation method was applied by trained observers to monitor 41 office cleaners. 

Based on the findings of the duration and frequency of nursing work, we modelled exposure to soap or hand-alcohol, in combination with wearing a glove, in a group of 39 volunteers. This experiment lasted 3 weeks, after which skin damage was assessed by changes from baseline TEWL. 

In nurses, the duration of wet work varies from 9% of the time of a morning shift in a regular ward, to 24% of the time of a morning shift in an intensive care unit. The frequency of wet work episodes varies from 39 to 49. The wet work activities have a relative short mean duration. Mean duration of occlusion by gloves was varied from 3.1 minutes on regular wards, to 6.7 minutes in intensive care units. The questionnaire grossly overestimated the duration of wet work in these nurses, while it grossly underestimated the frequency of wet episodes. 

In the cleaning industry wet work made up 50% of the time. Within a typical 3-hour shift a mean frequency of 68 episodes was observed. Skin exposure was markedly different among cleaners who had the same task, and dry work was often unnecessarily done with occlusive gloves. 

In the 3-week modelled exposure experiment, there was less skin damage (assessed by change in TEWL) in the hand-alcohol group. A negative effect of occlusive gloves could be shown in the group who used soap, while there was no negative effect in the hand-alcohol group.

In nursing work exposure to irritants is mainly associated with the frequency of wet hands; preventive programs could focus on decreasing the frequency of wet hands by encouraging the use of gloves. Questionnaires are not suitable to assess wet-work exposure. According to the German guidelines, nursing-work would have to be regulated. Also cleaning work would have to be regulated according to the German guidelines. 

In the cleaning industry reduction of exposure can be achieved by dedicated instructions to the employees, focussing on using gloves for wet tasks more often and for a shorter period of time, while reducing unnecessary glove usage for dry tasks. 

To disinfect the skin, hand-alcohol should be preferred over soap. Increased occlusive exposure from gloves does not seem to have an additional irritant effect when using a hand-alcohol, provided the duration of the wearing of occlusive gloves is restricted to 4 minutes maximum.

Workshop 1 - Prevention of Skin Disorders in Wet Work 

Vendor Seminar 1.1 - Incorporating Skin Condition Measurements into a Skin Health Assessment System, H.E. Packham, Enviroderm Services 

Vendor Seminar 1.2 - The Importance of Using Relevant Testing Models for Testing of Wash-off Products, J. Hyldgaard for PLUM A/S 

Poster 1 - Dermal Injuring in Hands Among Women in Fish Processing Works, A. Nag*, K. Elgstrand, A. Saha, P.K. Nag
Poster 2 - Occupational Dermatitis due to Copper Exposure, L. Fat*, L. Gyorffy
Poster 3 - Skin Response to Hand Disinfection: A Comparison Between Alcohol-Based Disinfectant and Detergent, L. Kynemund Pedersen, E. Held*, J. Duus Johansen, T. Agner
Poster 4 - Self-Reported Skin Exposure - A Population-Based Study, I. Anveden*, K. Wrangsjö, B. Järvholm, B. Meding
Poster 5 - Using Skin Models to Assess the Effects of a Pre-Work Cream on Skin Barrier Function, A. zur Mühlen, A. Klotz*, S. Weimanns, M. Veeger, B. Thörner, B. Diener, M. Hermann
Poster 6 - Nordic Occupational Skin Questionnaire (NOSQ-2002), M-A. Flyvholm*, P. Susitaival, B. Meding, L. Kanerva, M. Lindberg, Å. Svensson, J.H. Ólafsson
Poster 7 - Results from an Intervention to Prevent Occupational Skin Diseases from Wet Work in the Food Processing Industry, M-A. Flyvholm*, L. Sell, A. Jensen, G. Lindhard, K.F. Jepsen
Poster 8 - Analytical Chemistry of Metalworking Fluids for Dermal and Inhalation Toxicology Studies, K.K. Brown*, J.E. Arnold
Poster 9 - Hand Dermatitis in Iranian Health Care Workers, M. Ghaffari*, S. Shafiiyan, K. Kadkhodazedeh
Poster 10 - An Assessment of Dermal Exposure to Semi-Synthetic Metal Working Fluids by Different Methods to Group Workers for an Epidemiological Study on Dermatitis, B.N. van Wendel de Joode*, E.P.B. Bierman, D.H. Brouwer, J. Spithoven, H. Kromhout
 

Quantitative Risk Assessment 

Plenary 2.1 - Bayesian and Probabilistic Exposure Modelling, N. Warren
To date, most regulatory risk assessments for occupational exposure of skin to chemicals have followed a deterministic approach. Deterministic exposure assessments take single, usually conservative, values for each parameter in an exposure algorithm and provide a single estimate of systemic exposure. Probabilistic exposure assessments can be viewed as a further tier of refinement and provide a more detailed characterisation of systemic exposure. By replacing point estimates with distributions representing variability in work patterns, dermal exposure, personal protective equipment, dermal absorption and other physiological parameters, a probabilistic exposure assessment attempts to characterise the whole distribution of systemic exposure across the work population. More complex algorithms employing 2-dimensional Monte Carlo simulation can simultaneously evaluate both variability and uncertainty, and thereby, give risk assessors a more scientifically rigorous basis for their decision-making.

Modelled uncertainties in systemic exposure can be very large reflecting the cumulative uncertainties in external dermal exposure, mitigation due to clothing or PPE and dermal absorption. In these situations Bayesian techniques that allow the synthesis of dermal exposure measurements with expert judgement and biological monitoring data may provide risk assessors with additional reassurance that margins of safety are being met.

With a probabilistic exposure assessment typically sharing the same data and same underlying exposure algorithm as the deterministic approach deficiencies in the basic methodology can transfer across to the probabilistic assessment. Three key aspects of the methodology that will be discussed are: the biological relevance of modelled exposures, longitudinal exposure modelling and the selection of appropriate dermal absorption algorithms.

Traditionally, occupational exposure assessments have tended to focus on determining systemic exposures resulting from a single exposure scenario, work-shift or day. Longitudinal modelling considers the profile of systemic exposure over a longer period – perhaps weeks, months or even years. Such an approach has several advantages. For chronic health-effects cumulative exposure (or equivalently average exposure over the relevant time period) provides a more appropriate exposure metric than a short-term daily dose and allows risk assessments to be based upon the probability of long-term over-exposure. Additionally, uptake of a chemical following dermal exposure can continue over a number of days so that systemic exposure in a 24-hour period is a composite function of the previous days exposures. These 'residual' contributions to systemic exposure are not captured by single-day assessments.

The selection of dermal absorption algorithms is constrained partly by the availability of data with an appropriate dermal exposure metric. With dermal exposure measurements (and by implication predictive dermal exposure models) most frequently assessing total dermal mass of a chemical, many assessments adopt an approach based upon the percentage of the dermal dose absorbed. However, as this percentage is dependent upon both the amount applied per unit area and the duration of exposure, a probabilistic exposure assessment should ideally incorporate these inter-dependencies.

More fundamentally, the total mass of chemical may not be the most appropriate exposure metric for determining systemic uptake, either because not all the mass is available for uptake or because it is distributed very heterogeneously. A more useful exposure metric might be the contaminated skin area or better still the area/concentration distribution. Whilst sampling techniques exist for both these exposure metrics (e.g. fluorescent tracers) most new exposure data are still expressed in terms of mass. 

A series of case studies will be presented to illustrate the use of probabilistic techniques in quantitative chemical risk assessment.

Plenary 2.2 - Method Development and Modeling to Characterize Penetration, Absorption, Dose, and Local Effects Resulting from Dermal Exposures, R. Guy
Toxicity, whether local or systemic, following dermal exposure to chemicals in the workplace or the environment, is the result of the inherent activity of the substance contacting the skin and its ability to penetrate and/or permeate the barrier. Evaluating the percutaneous absorption of all potential skin contaminants is clearly impractical, and this has led to the development of predictive models – both theoretical and experimental – for the estimation of topical exposure. These developments are important per se, and are necessary to improve upon the typically conservative estimates of risk following dermal exposure in current use. 

From a theoretical standpoint, the permeation of chemicals through human skin can be adequately described in most cases by a model based upon transport through the extracellular lipid domains of the stratum corneum (SC), skin’s outermost and least permeable layer. Extension of a simple solubility-diffusion model of membrane transport has produced an explicit relationship for a drug's permeability coefficient (K p) through the SC, from an aqueous solution, in terms of its molecular size and octanol-water partition coefficient (P) [1, 2]. However, the use of P pre-supposes an unsubstantiated similarity between the properties of octanol and those of the SC lipids. The analysis has therefore been developed to express molecular partitioning into the SC by a transfer free energy model which depends upon the solute's ability to donate and/or accept a hydrogen bond, and upon its molecular size [3]. As expected, K p has been deduced to be inversely dependent upon the molecule's hydrogen bonding ability. The dependence of K p upon molecular size is more complicated: while increasing size leads to lower diffusivity (and hence, a smaller K p), larger molecules have more opportunity for hydrophobic interactions with SC lipids, thereby favoring partitioning and increasing K p. Despite the mechanistic insight afforded by these interpretations, additional effort is required (a) to correctly deal with the penetration/absorption of very lipophilic compounds [4], and (b) to effectively model chemical uptake from non-aqueous “vehicles” (including particulates, such as soil). 

Experimentally, a new, so-called 'dermatopharmacokinetic' (DPK) approach to assess the topical bioavailability of chemicals contacting the skin has been described (and has attracted, in particular, the attention of the U.S. Food & Drug Administration [5]). The method proposes to use tape-strip sampling of skin's outermost layer, the stratum corneum, as a surrogate for the determination of chemical levels at the target site in the skin (similar to the way in which blood levels are used for systemically-active substances). The technique has the advantage of being simply performed either in vivo in man [6-8], or ex vivo using porcine ear skin (a well-accepted model for the human barrier). While the concept has merit, implementation of the approach demands that: (1) DPK be validated as a tool with which to determine the availability of a percutaneously absorbed chemical to its site of action within the skin, and (2) the DPK protocol be sufficiently robust for the reliable evaluation and comparison of topical chemical bioavailability from different “vehicles”. To achieve these broad objectives, tape-stripping experiments are integrated with mathematical models of dermal absorption: (1) to quantify uncertainties in the DPK method, (2) to evaluate how modifications of the DPK method improve the quality of the information derived, and finally (3) to assess the suitability and limitations of the DPK method for evaluating the rate and extent of chemical delivery following diverse exposure scenarios [e.g., 9].

Workshop 2 - Quantitative Risk Assessmen 


Poster 11 - Methodology for the Evaluation of Occupational Skin Exposure, G. Maina*, F. Larese Filon, P. Sartorelli, M. Manzari, M.G. Andreoni
Poster 12 - Development of a Tape-Strip Method to Quantify Dermal Exposure to Hexamethylene Diisocyanate, K.W. Fent*, K. Jayaraj, A. Gold, L.M. Ball, L.A. Nylander-French
Poster 13 - An Occupational Hygiene Assessment of Dermal Nickel Exposures in Primary Production Industries, G. W. Hughson
Poster 14 - Occupational and Consumer Exposure to Pesticide Products – Findings of a Telephone Survey of the Finnish Poison Information Centre Contacts, M. Mäkinen*, M. Seuri, T. Lampinen, K. Hoppu
Poster 15 - Absorption from Contaminated Soil into Skin and Silicone Rubber Membranes, S.E. Deglin, D.L. Macalady, A.L. Bunge*
Poster 16 - Dermal Exposure to Ethanolamines in Metal-Working Fluids, R. Jolanki*, M-L. Henriks-Eckerman, T. Tuomi, K. Suuronen
Poster 17 - The Transient Dermal Dose Problem, H.F. Frasch*, A.M. Barbero
Poster 18 - Model Experiments for Assessing Dermal Exposure from Different Spraying Operations at Workplaces, E. Berger-Preiß, I. Mangelsdorf, D. Holthenrich, W. Koch, S. Melching-Kollmuss*
Poster 19 - Dermal Absorption of Aromatic Amines in Workers in the Rubber Industry, G. Korinth*, T. Weiss, S. Penkert, J. Angerer, H. Drexler
Poster 20 - Urinary Biomarkers of 1-Bromopropane Exposure: Evaluation of LC/MS Analytical Test Procedures for Quantification, K.L. Cheever*, K.L. Marlow
Poster 21 - The RISKOFDERM Potential Dermal Exposure Model Tested in Practice, J. Marquart
Poster 22 - Assessing the Contribution of Dermal Exposure to Total Beryllium Exposure, G.A. Day*, A. Dufresne, A.B Stefaniak, C.R. Schuler, M.S. Kent, D.C. Deubner, K. Kreiss, M.D. Hoover
Poster 23 - Comparative Dermal Absorption of 2,4-D, Mecoprop and Dicamba Based on Field Data Collected in an Occupational Setting, S.A. Harris
Poster 24 - Disposition of DEET After Topical Application to Human Skin In Vitro, A. Santhanam, M.A. Miller, G.B, Kasting*
Poster 25 - Dermal Absorption in Risk Assessment: The Use of Relative Absorption Versus Permeation Coefficient (Kp), H.E. Buist*, C. de Heer, J.G.M. Bessems, T. Bouwman, S. Chou, H.R. Pohl, J.J.M. van de Sandt
Poster 26 - Assessment of Skin Exposure to Resin Acids During the Production of Wood Pellets Using the Tape-Strip Method, K. Hagström*, K. Eriksson, S. Axelsson, I.L. Bryngelsson, L.A. Nylander-French
Poster 27 - Development of a Hand Wipe Method for PAHs Using Corn Oil and Modified NIOSH Method 5506, M. Boeniger*, C. Neumeister
Poster 28 - An Objective Comparison of Surface Wipe Media for Sampling Lead on Hands, M. Boeniger 
Poster 29 - Evaluation of Occupational Skin Exposure to Folpet During Pesticide Use on Grapes, A.M. Milon*, S.M. Mann, D.V. Vernez, P.O.D. Droz
Poster 30 - Assessment of Acrylamide Exposure by Measuring of Hemoglobin Adducts, M. Ospina*, H. Vesper, T. Meyers, A. Smith, L. Ingham, G. Gray, G Myers
Poster 31 - A Whole-Body Exposure Chamber for Studies of Skin Exposure to Particles, L. Lundgren*, L. Skare, C. Lidén
Poster 32 - Measuring Dust Particles Deposited on Skin Using a Vacuuming Sampler, L. Lundgren*, L. Skare, C. Lidén
Poster 33 - Recommendations from the CEFIC International Workshop on Methods to Determine Dermal Permeation of Industrial Chemicals for Human Risk Assessment, A.D. Jones*, I.P. Dick, J.W. Cherrie, M.T.D. Cronin, J.J.M. van de Sandt, D.J. Esdaile, S. Iynegar, W. ten-Berge, S.C. Williams, C.S. Roper, S. Semple, C. de Heer, F. Williams
Poster 34 - The Design of Permeation Cells for Use with Glove – and Skin Samples Under Conditions of Continuous and Intermittent Exposuree, D.W. Bromwich
Poster 35 - Assessing Skin Exposure to Nickel, Chromium and Cobalt By a Wipe Washing Technique, C. Lidén*, L. Skare, B. Lind, G. Nise, M. Vather
Poster 36 - Skin Exposure to Permanent Hair Dyes in Hairdressers – Sensitising Levels, M-L Lind*, A. Boman, J. Sollenberg, S. Johnsson, G. Hagelthorn, B. Meding
Poster 37 - Tape-strip Method Can Be Used to Measure Exposure of Ethyleneglycol Dimethacrylate (EGDMA) among Dental Technicians, I. Liljelind*, L. Nylander-French, K. Eriksson
Poster 38 - Critical Review of Experimental Investigations of Dermal Absorption of Chemical Contaminants from Soil and Sediment, E.W. Spalt, J.C. Kissel*, J.H. Shirai, A.L. Bunge
Poster 39 - A Description of the Dermal Absorption of Aromatic and Aliphatic Hydrocarbons in Jet Propulsion Fuel 8, D.Kim, L.A. Nylander-French*
Poster 40 - The Multiple Transient Dermal Dose Problem: Theory, H.F. Frasch
Poster 41 - Dermal Exposure to JP-8 Contributes to the Production of Urinary Naphthols, Y-C.E. Chao, L.L. Kupper, B. Serdar, P.P. Egeghy, S.M. Rappaport, L.A. Nylander-French*
Poster 42 - Development of a Physiologically-Based Pharmacokinetic Model for Dermal Absorption and Penetration of Methyl Tertiary Butyl Ether in Humans, D. Kim, L.A. Nylander-French*, J.D. Pleil, J.D. Prah
Poster 43 - The Use of PIXE Analysis to Determine Penetration and Distribution within the Skin of Metals and Ultra-Fine Particles. Method Development using Titanium Dioxide (TiO2) as a Model, M. Lindberg*, I. Anveden, J. Pallon, M. Garmer
Poster 44 - A Descriptive Framework for Classification of Dermal Exposure Measurements, M. Roff
Poster 45 - Dermal Exposure Measurement of the Epoxy DGEBA (Diglycidylether of Bisphenol A), R. Lindahl*, M. Réhn
Poster 46 - Percutaneous Absorption of Lipophilic Compounds in Aqueous Vehicles – Influence of Dose Volume, S.C. Wilkinson*, R.E. Wilkinson, F.M. Williams
Poster 47 - Evaluation and Predictions of Dermal Absorption of Toxic Chemicals, F.M. Williams*, S. Cage, P. Carmichael, J. Corish, I. Dick, D. Fitzpatrick, D. Golden, Y. Jakasa, S. Kenyon, S. Kezic, G. Korinth, J. Kruse, F. Larese, W Maas, J. Nielsen, J. O’Connor, J.P. Payan, P. Sartorelli, K.H. Schaller, H. van der Sandt, S. Soyei, M Venier, S.C. Wilkinson
Poster 48 - Investigation of the Penetration of Aromatic Amines through the Human Skin In Vitro, L. Lueersen*, T. Wellner, J. Angerer, H. Drexler, G. Korinth
Exposure Reduction 

Plenary 3.1 - Regulations as a Framework for Risk Assessment and Risk Reduction: Overview of Current Regulations, E. Lechtenberg-Auffarth
Reducing risks for and via the skin is an acknowledged purpose of regulation. For example EU-Directives on chemicals or worker and consumer health and safety make at least reference to dermal risks and their control. 

As a prerequisite for measures, directives usually claim for a risk assessment and a risk reduction strategy. Guidance documents have been developed but still need improvement based on deeper scientific insight. 

Information systems for hazard and safe use (classification and labelling, SDS) are legally implemented in most countries and may get modified and harmonised by GHS.

The envisaged new European chemicals regulation “REACH” will hopefully improve the data base and the approaches to generate strategies for risk reduction, both for the regulatory and the company level.

Risk management at the company level needs detailed guidance. Supranational guidance is sparse (TGD on directive 98/24/EEC, guidance by industry associations). European national guidance documents can be viewed on the OSHA-database of the European Agency of Safety and Health in Bilbao. Substance - or branch specific recommendations including strategies for medical surveillance are desirable and frequently available on national levels.

Standards set under general product safety regulations or even sub-standard conventions are relevant , e.g., for chromate in leather, testing of gloves and efficacy of skin care products

Plenary 3.2 - Controlling Dermal Exposure to Chemical Hazards, C. Packham
Whilst with many chemicals any dermal contact can definitely be considered harmful and represents significant risk of damage to health, there are many others that can, under certain circumstances, represent a risk of damage to health, but which can also be neutral or beneficial to health from dermal contact. As our knowledge as to when one of the latter becomes potentially harmful is at best uncertain, determining the risk during a risk assessment can be problematic as can determining subsequently the level of exposure control that needs to be achieved to adequately control such risk. 

To illustrate this problem, take water. Not only does the skin require a certain moisture content to function correctly, but we need water as part of the skin care routine to remove harmful chemicals from the skin. However, in our investigations of potentially occupational skin problems, water is frequently identified as either the main or a contributory cause of the problem. Obviously, not only would avoiding all contact with water in our normal life be extremely difficult but could cause problems in other directions. Incidentally, the potential for water to cause skin problems has been recognised in Germany, where excessive exposure to water is deemed to represent a hazardous situation (wet work) and a special regulation applies. 

Thus, with many chemicals we need to strike a balance between beneficial or neutral exposure and excessive exposure likely to represent a hazard to health. Most of these chemicals will carry no risk phrase or other statement identifying them as a potential dermal exposure hazard. Our techniques for determining, for example, the irritancy potential of chemicals, are not well developed, nor do we often have adequate data on the potential of many chemicals to cause sensitisation in a small number of people. 

Thus the standard methods for determining an acceptable level of exposure may not be applicable. We may need to adopt a different approach. One way of achieving this will be discussed. 

Workshop 3 - Lessons from Studies in Exposure Reduction 

Poster 49 - Designing Ducting System for a Manufacturing Industry Based on Ventilation and Chemical Measurements, J. Lu
Poster 50 - Substances with Skin Notation in the MAC List in Poland, M. Kupczewska-Dobecka*, S.M. Czerczak
Poster 51 - The Principles for Assigning the Harmful Agents in the Workplace Environment of Cutaneous Absorption Symbol in Poland, S.M. Czerczak*, M. Kupczewska-Dobecka
Poster 52 - Exposure, Communication and Hazard: A Case Control Study of Skin Sensitizers and Worker Sensitization, T. Keegel*, A.S. Fletcher, J. Cahill, R.L. Nixon, S. Sakata, M. Moyle, A.D. LaMontagne
Poster 53 - Material Safety Data Sheet Accuracy: Reporting of Skin Irritants and Skin Sensitizers, T. Keegel*, H. Saunders, R.L. Nixon
Poster 54 - Assessment of Personal Protective Equipment Needs of First Responders during a Structural Collapse Event, N. El-Ayouby*, H. Ahlers, M. Burgman
Poster 55 - A Web Site Presenting the REACH System, Addressed to Occupational Users of Chemicals, E. Rialland, C. Lamirand, F. Maze-Coradin, B. Diers*
Poster 56 - Lead Skin Absorption and the Effects of Cleaning Procedure with Detergents, F. Larese Filon*, G. Maina, G. Adami, F. Cozzi, A. Damian, M. Boeniger
Poster 57 - Engineering Controls for Preventing Dermal Exposures, D.R. Hammond
Poster 58 - Survey Assessment of Worker Dermal Exposure and Underlying Behavioral Determinants, L.A. Geer*, B. Curbow, D. Anna, B. van-Wendel-de-Joode, T.J. Buckley
Poster 60 - Evaluation of the Protective Effectiveness of the Various Gloves from the Occupational Exposure to 
N,N-Dimethylformamide in the Synthetic Leather Industry, S.M. Wang*, S.H.Huang, Y.S. Huang, T.S. Shih, J.S. Chou, H.Y. Ghang
Poster 61 - Efficacy of Gloves in Printing: A Volunteer Study, M. Roff*, J. Cocker, R. Handley, R. Mogridge, S. Frost, M. Coldwell, G. McConnachie, J. McAlinden
Poster 62 - Distribution and Percutaneous Penetration of Diisopropyl Fluorophosphate (DFP) on Pig-Ear Skin In Vitro. Involvement for the Design of New Skin Protection and Decontamination Strategies, I. Boudry*, D. Josse, N. Naud, C. Cruz
Poster 63 - Development and Evaluation of a New Identification and Decontamination System for Removing Toxic Elements, Especially Lead, M. Boeniger*, E. Esswein, K. Ashley
Poster 64 - New Permeation Parameters for Evaluating Decontamination Efficacy of Chemical Protective Clothing Materials, P. Gao*, B. Tomasovic
Poster 65 - Development of Colorimetric Indicators: A New Technique to Determine Acid, Base, and Aldehyde Contaminations, E. Vo 
Poster 66 - Surface and Skin Decontamination of Aliphatic Isocyanates: A Field Study, Y. Liu*, M.H. Stowe, D. Bello, J.A. Sparer, C. Lutgendorf, C. Daly, S. Ullman, F. Youngs, K. Abrahim, C.E. Fleming, I. Collin-Hansen, B. Cartmel, R. Gore, M.F. Boeniger, S.R. Woskie, M.R. Cullen, C.A. Redlich
Poster 67 - The Use of a Fluorescence-Based Training System Increases the Efficacy of Barrier Creams in the Protection of the Hands, M. Hervella*, C. Ros, M.E. Iglesias, J.I. Yanguas, L. Cascante, M. Gallego
Poster 68 - Nickel on the Swedish Market. Follow-up After Implementation of the Nickel Directive, C. Lidén*, K. Norberg
Poster 69 - Healthy Work (Jobba Frisk) – A Web-Service About Vocational Guidance, Asthma, and Eczema, A. Boman*, I. Anveden, M. Danielsson, A. Holmblad, C. Lidén, B. Meding, G. Sandemo, M. Svartengren, P. Wiebert
Poster 70 - Assessment of occupational dermal exposure by questionnaire, R.L. Nixon*, J. Williams, K.E. Frowen, S. Radi
Poster 71 - Assessing Dermal Exposures to Epoxy Resins in the Windblade Manufacturing Industry, D.A. Mattorano, C.H. Dowell*
Poster 72 - Skin Protection Measures as Prevention in Occupational Dermatitis, J. Kurpiewska*, J. Liwkowicz, K.M. Benczek
 

Process-Based, Qualitative Risk Assessment 

Plenary 4.1 - Dermal Exposure Risk Assessment Tools, B. Rajan- Sithamparanadarajah
Significant resources have been invested over the last 30 years to develop methodologies to reduce inhalation exposure to substances hazardous to health. This investment has helped to reduce the prevalence of work-related respiratory disease and highlight the relative significance of work related skin disease.

It has been estimated that currently, about 20% of work-related disease is caused by dermal exposure to hazardous substances. The annual cost of this to the UK economy has been estimated at £200 million and a proportionately similar cost can be assumed for other countries in Europe and North America. 

During the last decade therefore, regulatory and scientific research agencies in Europe and North America have recognized the need to significantly reduce dermal exposure to hazardous substances and wet work. 

This recognition has led to increased activity in the development of dermal exposure risk assessment tools. The armory of tools now available may be divided into the following categories:

(i) Detailed structured assessment procedures

(ii) Regulatory and standardization methods

(iii) Simplified hazard assessment methods

(iv) Semi-Quantitative exposure assessment / monitoring methods

(v) Simplified assessment and control methods

This paper will introduce and describe how the use of such tools can contribute to exposure and risk reduction by reference to pertinent examples of their use. 

It will then explore whether there are validation/impact studies available to measure their potential for application for day-to-day dermal exposure control in the workplace and in particular, consider their usefulness for small and medium sized businesses.

The paper will conclude by assessing their potential for eventual harmonization and questioning whether we need to develop further studies.

Plenary 4.2 - Dermal Exposure and Surface Measurement Techniques as a Risk Management Approach, M. Roff
This plenary talk will describe (briefly!) measurement techniques for dermal and surface monitoring - wipes and washes, tape lifts and skin strips, absorbent and indicator pads, tracers, and biological monitoring. Methods that are most suitable for monitoring different types of compounds will be indicated. However, this is not for measurement against a standard - no dermal exposure and surface contamination standards exist. However, comparative measurements over time can be used to track steady improvement in workplace hygiene and worker behavior. Biological results can be compared against other industries to see if improvements can be reasonably achieved (i.e. benchmarking against good occupational hygiene practice). Alternatively, they can be compared against Biological Equivalent Indices (US), Health Guidance Values (UK) or EKA values in Germany, all derived from parallels with health-based inhalation values. In either case, if the values are high, it should trigger a search program using other monitoring methods to identify areas for improvement. Ongoing biological monitoring can provide the feedback loop to monitor improvements and spot lapses. 

A series of case studies will be presented to illustrate the use of different biological, skin or surface measurement techniques to reduce exposure or to validate or improve a system of work. Other training aids will be presented that teach the worker the consequences of incorrect procedures, carelessness and lack of awareness of incidental contamination

Workshop 4 - Qualitative Risk Assessment 

Poster 73 - Exposure Assessment of Skin and Eye Irritation in a Manufacturing Industry in the Philippines, J. Lu
Poster 74 - Exposure to Chemicals in Clothing Textiles: Methods and Models, R.M. Kraetke*, T. Platzek
Poster 75 - Prevalence of Long-Term Cutaneous Effects of Mustard Gas in 800 Iranian Chemical War Victims (14-20 Years After Exposure), S.N. Emadi, H. Mortazavi*, S. Toosi
Poster 76 - Assessment of Dermal Pesticide Exposure with Fluorescent Tracer: A Nicaraguan Modification of a Visual Scoring System, A. Aragon*, L. Blanco, A. Funez, C. Ruepert, C. Lidén, G. Nise, C. Wesseling
Poster 77 - Skin pH: Practical Implications Regarding Chemical Allergens and Toxics, M. Boeniger
 

Systemic Toxics

Plenary 5.1 - Beyond Skin Notation – Modeling Percutaneous Absorption, G. Johanson 
This presentation is based on the notions that the risk of developing, or the magnitude of, systemic toxicity relates to the absorbed dose or dose rate rather than the external exposure and that the total absorbed dose is the sum of all exposure routes, including respiratory and dermal uptake. The dermal contribution may vary from a negligible fraction to a dominating part of the absorbed dose, depending on the characteristics of the exposure and the properties of the chemical.
The presentation discusses warning systems (skin notations and dermal uptake indices) for chemicals with high potential for systemic toxicity via skin, and then describes some examples of combined experimental and toxicokinetic models to assess dermal absorption and its contribution to total dose.

Most institutions that establish Occupational Exposure Limits (OELs), such as the Threshold Limit Value Chemical Substances (TLV-CS) committee of the American Conference of Governmental Industrial Hygienists (ACGIH) or the Maximum Allowable Concentration (MAK) committee in Germany use skin notations to warn for chemicals that may cause or aggravate systemic toxicity as a result of dermal exposure. The criteria used to assign such skin notations vary considerably between countries and institutions and are generally qualitative rather than quantitative in nature. For example, the criterion used in Sweden according the Swedish ordinance on OELs is: “Substances which can easily be absorbed percutaneously are marked…” (SWEA 2000). An additional problematic aspect, mostly not dealt with in the criteria for skin notation, is that of evaporation of volatile chemicals from the skin. Obviously, evaporation reduces the amount available for absorption, therefore the absorbed dose of a highly volatile substance is likely to be much smaller than that of a less volatile substance, all other factors being equal.

Data on dermal uptake rates of industrial chemicals are limited. Moreover, when several reports on uptake rates exist on the same chemical, it is not uncommon that these vary by 10 to 100-fold suggesting a large degree of variability and/or uncertainty in the measurements. 

In view of all these problems, disagreements in skin notation between OEL lists are of no surprise. The assignments of skin notations would benefit from:

use of standardized methods to assess dermal absorption rates,

measurements of dermal absorption rates of more chemicals,

a unified and more rigorous approach to address the contribution of dermal absorption to systemic dose, and

an approach to address and include evaporation of chemical from skin.

A comparison between OEL listed chemicals with skin notation shows that their dermal absorption rates may vary by several orders of magnitude. This suggests that the contribution of dermal absorption may vary from a negligible to a significant or major fraction of the absorbed dose. The qualitative (yes/no) nature of the skin notations tends to neglect this potentially huge variability in dermal absorption. As an alternative or complement, we therefore propose a dermal uptake index (D in eq. 1, pD in eq. 2) that relates the contribution of dermal absorption rate (Pskin) to the respiratory uptake rate via inhalation at OEL (Presp). Similar approaches have implicitly or explicitly been used by many investigators as a basis for assigning skin notations. Both rates are calculated at steady-state and with fixed conditions (reflected by k) with respect to exposed skin area, pulmonary ventilation and relative respiratory uptake.
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	(eq. 1)

	
	

	pD = log10D + 8
	(eq. 2)


Logarithmic transformation (eq. 2) and rounding off to the nearest integer is performed to facilitate the interpretation and to account for the wide range in D values. The correction factor 8 is chosen to obtain a positive range of integer values for pD. It includes the constant k in eq. 1.

When chemicals on various OEL lists are arranged according to their pD values, it becomes clear that the existing skin notations are not only inconsistent between institutions; they are also frequently inconsistent with the potential importance of dermal uptake.

Dermal absorption and its contribution to systemic dose and toxicity may be assessed by a variety of models, including experimental, qualitative structure analysis relationship (QSAR, covered by several presentations at this conference) and toxicokinetic models, and combinations thereof. The four examples given below illustrate different combined uses of experimental and kinetic models.

Kezic and colleagues (2001) studied dermal absorption of liquid 1,1,1-trichloroethane, trichloroethylene, tetrachloroethylene, toluene, and m-xylene in volunteers. The solvents were applied for 3 min on the forearm. Skin permeation rates were back-calculated from exhaled air concentration time courses measured after both inhalation and dermal exposure. According to the authors, all solvents showed substantial skin absorption; although at present only toluene has a skin notation in the ACGIH TLV list.

The second example is that of Johanson and Boman (1991), who compared respiratory and dermal uptake to 2-butoxyethanol vapor in controlled human exposures. The volunteers were first exposed to the glycol ether vapor for 2 h via the mouth only and then to the same concentration for 2 h via skin only. By using a simple toxicokinetic model, i.e. assuming that the uptake is proportional to the area under the concentration-time curve (AUC) of the chemical in blood, and by comparing the mouth-only and the skin-only AUCs it was shown that, upon whole-body exposure, the dermal uptake rate exceeded the respiratory uptake rate of 2-butoxyethanol vapor. Other investigators have later obtained similar results for 2-butoxyethanol as well as for other glycol ether vapors. The use of respiratory protective equipment may give a false sense of protection for such substances.

Dermal absorption of o-xylene was assessed in human volunteers using a combination of real-time exhaled breath analysis and PBTK modeling (Thrall and Woodstock 2003). The subjects placed both legs in a tub containing the solvent in water. Exhaled breath was monitored before, during, and after exposure to track absorption and subsequent elimination of the compound in real time. The PBTK model was used to estimate the dermal permeability coefficient by fitting to the exhaled breath data.

The fourth example represents a new technique to assess dermal absorption of chemical vapor by thermal gravimetric analysis (TGA). It is presented in more detail separately at this conference (Rauma et al 2005, Rauma and Johanson 2005). In this in vitro model, skin weight changes of porcine skin are recorded during addition and removal of chemical vapors using a highly sensitive TGA balance and carefully controlled conditions. The time course of the weight changes reflects skin absorption and evaporation processes, while the weight increase at steady-state is defined by the skin:air partition coefficient of the chemical. The approach is an attempt to find a convenient alternative to the diffusion cells to determine transdermal fluxes and permeability coefficients

Plenary 5.2 - Pesticide Use and Dermal Exposures and Effects in Developing Countries: Data from Central America, C. Wesseling, A. Aragón, L. Blanco, H. Penagos, B. van Wendel de Joode
Agricultural policies in the developing countries of Central America favor pesticide use. The dependence on chemical pest control extends from export plantations to locally consumed crops and small farmers, including the very poor. More than 35 thousand tons of active ingredients per year are sprayed in the Region. Pesticide handling continues to be exceedingly unsafe. Risk assessment and management based on exposure circumstances in developing countries are nonexistent. Acceptable Operator Exposure Levels (AOEL) are not in use. Reentry intervals are short or not respected at all. Assessment of environmental exposures is not yet a policy issue.

The skin is the main route for uptake for most pesticides in the occupational setting, potentially resulting in systemic toxicity. Over the last decade, reports of systemic poisonings increased in all countries due to newly established surveillance systems. However, it was shown in Costa Rica that in the early 1990s interventions aiming at improved handling of highly toxic insecticides and nematocides on banana plantations sharply decreased systemic poisoning (Fig. 1a),[1] which then stabilized at 0.7 poisonings (with medical attention) per 100 banana workers per year.[2] Although not documented, similar trends may have happened in other countries as well. Based on house to house surveys in six of the seven Central American countries, it was estimated in 2000 that grossly 400,000 events with symptoms of poisoning occur yearly in Central America, almost 2% of the population over age 15.[3] A majority are occupational poisonings among agricultural workers with organophosphate and carbamate pesticides which are readily absorbed by the skin. Paraquat is another frequent agent of systemic poisoning, mostly after ingestion but severe and fatal occupational and accidental poisonings have been documented also after skin absorption, in adults and children.[4] In Honduras, long-term dermal (and possibly respiratory) contact with chlorpyrifos caused decreased cholinesterase levels, increased acute and chronic symptoms, and impairment of central and peripheral nervous system functions among banana workers who place chlorpyrifos treated plastic bags around the fruit, using full protective equipment, as compared to unexposed banana workers.[5] 

In Costa Rica, reports of pesticide dermatoses to the workers’ compensation system increased noticeably in the early 1990s associated to exposure to herbicides and fungicides, especially among female agricultural workers (Fig. 1b and c).[1] Among banana workers the incidence of pesticide dermatoses decreased from 33 in 1993 to 19 per 1000 in 1996, with herbicide sprayers at highest risk (34 and 23 per 100) mostly associated with paraquat. The decrease was partially due to underreporting by company doctors and a decrease in paraquat use on plantations. In Panama, the incidence of contact dermatitis has been estimated at 11 per 1000 banana workers.[6] In a recent study, the prevalence of pesticide-related dermatosis among banana workers in Panama was 0.10 (37/366) and the prevalence of allergic contact dermatitis 0.03 (15/366). It was estimated that ≥ 16% of the workers were sensitized to one or more pesticides.[7] Allergic contact dermatitis was associated in Panama with carbaryl, benomyl, ethoprophos, chlorothalonil, imazalil, glyphosate, thiabendazole, chlorpyrifos, oxyfluorfen, propiconazole, tridemorph and aluminium hydroxide.[6, 7] Chlorothalonil has also been associated with ashy dermatitis.[8] Many of the irritant and sensitizing pesticides mentioned have also carcinogenic, reproductive, endocrine disrupting or other long-term health effects.

 

	a) Pesticide illness 
	b) Pesticide topical injuries 
	c) Pesticide topical injuries 
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Figure 1: Time trends over three one-month time periods in Costa Rica of a) pesticide related illness by type of injuries, b) topical injuries by gender, and c) topical injuries by type of pesticides, rates per 1000 agricultural workers.

A number of studies have examined skin exposure in the occupational setting for hazardous pesticides by different methods. In Costa Rica, an icon-calendar-based form was used to assess historical dermal pesticide exposure in a case control study on childhood leukemia a parental pesticide exposure.[9] Total actual dermal exposure to paraquat in applicators of banana plantation in Costa Rica, assessed by skin pads in 1995, varied between 35 - 1130 mg/kg or 2 - 57 mg/hr, comparable to earlier studies in Asia performed in the eighties and about a factor 100 higher than a study performed in the US in 1975.[10] Wrists, legs and back were the most exposed body areas. Protective clothing did not effectively control dermal exposure with the herbicide getting under the clothing and gloves and into the boots, possibly increasing the penetration through the covered skin. Although it was not clear if the measured levels would lead to adverse health effects, observations showed the continuous presence of hazardous situations potentially leading to very high exposures. A second study evaluating the effectiveness of protective clothing measured lower levels of paraquat but still considerable amounts of skin residues, especially on the hands.[11] 

In Nicaragua, a study among smallholders spraying chlorpyrifos or methamidophos with manual or motorized backpacks combined qualitative, semi-quantitative and quantitative sampling methods. Fenske’s visual scoring system with a fluorescent tracer was modified and dermal exposure was assessed under Nicaraguan field conditions.[12] Hands were the most frequently contaminated body part and the back contributed most to the scores. The contaminated body surface ranged between 1 and 66%. The highest total visual score was 60 % of the maximum possible. Fluorescent images reflected work practices and contamination mechanisms. A reliability evaluation showed repeatability, conditioned to some improvements in the field and the reading of low contamination images.[13] Skin exposure determinants were collected through observations and videorecordings. Multiple linear regression modeling was used to evaluate the association between factors identified as determinants of exposure by observation and the fluorescent tracer visual score. Sprayed surface, spraying on a wet or slightly muddy terrain, using a manual backpack, and important skin contamination by touching directly the spray solution emerged as the strongest determinants; wearing long pants emerged as the main preventive factor.[14] Skin residues were analyzed from wipes of various parts of the body with different fluorescent intensities and residues increased with increasing fluorescence intensities.[12] Total amount of residues on both hands obtained from skin wipes ranged between 0,01 - 2,45 µg/cm² for methamidophos and 0,03 - 6,02 µg/cm² for chlorpyrifos.[15] Accounting for concentration of pesticide spray solution, the results suggested that chlorpyrifos (lipophilic) has a slower removal rate from the skin than methamidophos (hydrophilic). Statistical analyses relating observation of hand contamination with fluorescent visual scores and residues on the hands and analyses associating total visual scores and urine metabolites are ongoing. The Nicaraguan study illustrates that a combination of sampling methods allows the identification of different dimensions of dermal exposure. Removal techniques quantify pesticides present on the skin at the moment of sampling, a fluorescent tracer technique scores overall extent and intensity of dermal exposure and identifies exposure mechanisms and pathways, and observations allow the pinpointing of specific determinants of skin contact with the pesticide. 

Several studies in Central America have analyzed residues in multiple substrates of the domestic (soil, dust) and general environment (air, surface waters, well waters). The results are worrisome and assessment of dermal exposure of children and adults through the environment is important. Although not assessing directly dermal exposure, a recent study in Nicaragua found a significant correlation between exposure of small farmers and exposure of their children to chlorpyrifos, as measured by urinary 3,5,6-trichloro-2-pyridinol on the evening of the application day, suggesting take home pathways of exposure. No relation was found for diazinon.[16] Also in El Salvador, farmers’ pesticide application predicted urinary excretion of organophosphate metabolites in family members.[17] 

The importance of dermal exposure assessment in developing countries relates to its potential to contribute to improvement of occupational and environmental pesticide contamination. Dermal exposures in developing countries are often so gross that no measurements seem to be needed to understand where and how the exposures occur and to intervene, e.g. spraying bare handed, in shorts and without shoes as occurred in the Nicaragua study. However, even under those working conditions, some exposure determinants emerged which have hardly or never been discussed in the literature (e.g. spraying on a wet or muddy terrain, hand versus motor pressurized backpack, dew on crops). In addition, dermal exposure measurements may contribute to improvement of working practices, e.g. in the case of plantation workers with inefficient protective equipment. Also, dermal as well as exposure assessment in general is a crucial asset in epidemiologic research in developing countries. However, dermal exposure assessment as a basis for risk evaluation and management must be based on general practice in developing countries and not on best practice as it is now in industrialized countries. Given that decades of safe use strategies have resulted in ever increasing pesticide use and environmental contamination, it is unrealistic to assume that risk evaluations and management based on local use and exposure conditions will be carried out within a reasonable time span. To come to sustainable solutions, pesticide problems must be studied with a multidisciplinary methodology, examining multiple sources, pathways and effects and how these are modulated by and interact with socioeconomic and cultural factors. Dermal exposure assessment can be an important method within such a broad ecosystem approach towards the achievement of efficient interventions. 
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Allergens

Plenary 6.1 - Prevention of Allergic Contact Dermatitis, J.D. Johansen
Skin contact with low molecular weight substances may lead to contact sensitization and allergic contact dermatitis, which is a common and potentially disabling disease. The main determinants of allergic contact dermatitis are the potency of the allergen, allergen concentration or dose per unit area, the frequency of application, allergen matrix and skin barrier function. 

It is well-documented that restriction of skin-exposure to contact allergens is a very effective way to prevent allergic contact dermatitis, as illustrated by the effect of reducing hexavalent chromate in cement and nickel release from metallic items designed to be in close contact with the skin. The concentration of an allergen that induces allergy is often unknown. Experiments in healthy volunteers have been used to assess sensitisation thresholds. However the value of such results is questionable for prevention of allergic contact dermatitis due to lack of relevance of the experimental conditions to the complex real exposure conditions, further such studies bear ethical problems. Predictive animal assays may be valuable for pre-marketing screening of substances, preventing strong allergens from entering the market or reducing exposure. On the other hand several examples exist where these tests initially have failed to identify the sensitization potential of a strong allergen, or where the risk assessment based on positive results have failed and the allergen has been launched to the market in far too high concentrations. The most recent of such risk assessment failures are the use of the preservative methyldibromo glutaronitrile in much too high concentrations in cosmetic products including liquid soaps, giving rise to an epidemic of contact allergy. The current risk assessment procedure is very theoretical and does not take into account the epidemiological evidence of contact allergy in the population. It is important that the end-point of prevention, that is clinical disease, is incorporated into risk assessment and risk management models. Using elicitation data to assess thresholds limits e.g. for legislation provides a tool that is relevant for the disease end-point and which has proved effective in the past. It will cover both secondary prevention, that is protecting individuals that have become sensitized from getting clinical symptoms, and primary prevention, that is prevention of new cases of contact sensitization in the population. In this way the burden of disease will be reduced immediately. Models should be developed to exploit elicitation data more systematically in prevention of allergic contact dermatitis.

Further it is important to see risk assessment and management as a continuos process, where a post marketing epidemiological surveillance system should form the basis for evidence based decisions. 

Information about contents of allergens in consumer products and in the workplace is another important tool of prevention, both primary and secondary. The ingredient labelling of consumer products needs to be optimised, so that the most known allergens will be more easy to identify on the label. Further full ingredient labelling should be introduced for products used in the work-place to ensure correct diagnosis in workers with occupational allergic contact eczema and meaningful information to the sensitized worker.

Plenary 6.2 - 25 Years of Natural Rubber Latex Allergy: From Diagnostics to Prevention and Immunotherapy

T. Palosuo, National Public Health Institute, Helsinki, Finland
Immediate allergic reactions to natural rubber latex (NRL) have now been recognized for 25 years. An important source of sensitization has been considered to be proteins or peptides eluting from protective NRL gloves. Prevalence studies, based on skin prick testing (SPT), indicate that 3 to 17% of exposed health care workers are sensitized to NRL whereas the sensitization rate in the general population is less than 1 %. Although accumulating evidence suggests that the peak of the “epidemic” may already have been passed several unanswered questions still exist. From the practical point of view, NRL allergy is one of the most frequently encountered occupational diseases among health care workers (HCW) and, proportionally, a gradually increasing problem in other occupations where protective gloves are used. 

Today the majority of NRL-allergic patients do not belong to the traditional risk groups (like HCW and children with spina bifida) but are rather normal individuals, usually atopic, who are frequently in contact with NRL products. Importantly also, NRL allergens become easily airborne with glove powder and may cause occupational asthma in persons sensitized to NRL. NRL-allergic patients also frequently show allergy to various fruits, such as banana, avocado, chestnut, and kiwi. The condition, known as “latex-fruit-syndrome”, appears to be caused by allergic cross-reactions. 

Positive SPT reaction (preferably using standardized reagents) and/or demonstration of circulating IgE-antibodies to NRL allergens with concordant clinical histories often confirms NRL allergy. In case of discrepancy between symptoms and SPT or specific IgE results a use (challenge) test with latex gloves or pulmonal inhalation tests has to be considered, provided that the patient does not have a history of NRL-related anaphylaxis. Diagnostic procedures would obviously benefit from the use of purified allergens as test reagents instead of poorly characterized extracts; however, such reagents are not yet commercially available. 

The liquid latex from the rubber tree, Hevea brasiliensis, contains more than 250 proteins or polypeptides, 50-60 of which show allergenic potential. After discovering the first NRL allergen, the rubber elongation factor (REF or Hev b1) in 1993 by Czuppon and co-workers, several additional NRL allergens have been identified and characterized. The WHO/IUIS Allergen Nomenclature Sub-Committee currently (March 2005) lists 13 latex allergens characterized at the molecular level (www.allergen.org), most of which have been cloned and produced by recombinant DNA techniques. Of them two allergens, hevein (Hev b6.02) and Hev b5, are considered as the most important allergens for adults. Allergic cross-reactivity in NRL allergy also continues to be of great interest and it was recently shown that well-conserved hevein-like domains in tropical fruits could be responsible for a major part of such reactions.

A relatively limited number of allergens have so far been unequivocally demonstrated in manufactured NRL products. Two major NRL allergens, Hev b6.02 and Hev b5, have regularly been demonstrated in abundant amounts in highly allergenic gloves and are likely to be responsible for a major proportion of both sensitization and clinical reactions. Interestingly, two hydrophobic allergens, i.e, Hev b1 and Hev b3, associated with NRL allergy in children with spina bifida and multiple surgical procedures, are also often found in highly allergenic NRL gloves. Sensitive and specific immunoassays to quantify NRL allergens in manufactured products have been developed in the past few years but a major question remains that, with the exception of Hev b 6.02., the molecular forms of allergens or their fragments residing in rubber products are not known.

Avoiding exposure to NRL allergens has been considered as the only effective means for the prevention of sensitization. Due to the ubiquity of NRL products in the normal environment this goal is obviously difficult to reach. Substantial reductions in NRL allergen exposure may, however, be achieved by the use of low-allergen NRL gloves and also avoiding powdered gloves that often have high allergen contents. Measures taken in health care in some countries to reduce exposure to medical NRL products seem to be effective in decreasing the number of new sensitizations. Similar steps should be taken in the non-medical field as well. 

Preliminary reports of latex-specific immunotherapy with promising results have been reported. NRL extracts seem to be effective but their use is hampered by serious side effects, including systemic and anaphylactic reactions. Alternatives include the use of latex peptides or genetically engineered “hypoallergenic” proteins which do not bind IgE but initiate normal immune responses at T-cell level. Knowledge of IgE-binding structures on the surface of allergens, i.e. conformational epitopes, is required for the design of strategies for allergen-specific immunotherapy. Pilot experiments with such reagents using animal models of latex allergy are currently in progress.

More thorough knowledge of NRL allergens and their clinical significance is expected to help researchers to develop more specific in vivo and in vitro tests for diagnostic purposes while the production of modified allergens could provide new tools for immunotherapy. Standardization authorities in the U.S. (ASTM) and in Europe (CEN) are working to set up acceptable limits for latex allergens in medical gloves aiming at reduced exposure and thereby reduced sensitization. Substantial progress in this field is anticipated to be seen within the next few years.

Workshop 6 - Prevention of Occupational Allergic Contact Dermatitis 
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