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Abstract

Objectives  After cargo with PCB-containing transformer
oil waste was damaged in heavy seas, the vessel crew
exposed to PCB developed itching and acne-form eruption
of the skin. The objective of our study was to analyse this
work-related incident and its effects on health.

Methods  Air and wipe test samples were taken in the ship for
analysis of PCB (28/52/101/138/153/180); clinical investiga-
tions of all seafarers (n = 6) included lung function, chest
X-ray, clinical chemistry and biomonitoring (plasma PCBs,
chlorophenols in urine) measured after a latency of 7 weeks.
The biomonitoring data were adjusted according to age-rela-
ted reference values and validated against controls (n = 96).
Results \Biomonitoring showed elevated PCB-28-/52/-
102/-138 congeners (mean 1.16/0.91/136, > PCB: 5.82 pg/l),
which correlates with the dust samples from the cargo hold
(3_PCB. 9,440 mg/m?) and with 6.1 and 5.0 pg/m’ in stern
and bow cargo air samples. IgE elevation in two seafarers and
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substantial blood sedimentation rate increase with anaemia or
pulmonary emphysema were unlikely to be caused by PCB
exposure. Although two members showed slightly elevated
airway resistance values, other lung function parameters were
normal and reactive airways dysfunction syndrome due to
PCBs could be excluded. Elevated chlorophenols in urine
could contribute to the manifestation of chloracne.
Conclusions PCB-52/-101/-138 found in plasma and in
air samples confirm exposure to PCB. Acne-form skin
eruptions were from occupational exposure to polychlori-
nated biphenyls in the spilt transformer oil. There were no
other abnormal findings in medical and clinical examina-
tions that could be attributed to PCBs. This does not
exclude possible long-term effects.

Keywords Polychlorinated biphenyls (PCB) - Seafarers -
Chlorophenols - Accidental exposure - Clinical and
laboratory diagnosis - RADS (reactive airways dysfunction
syndrome)

Abbreviations

PCB Polychlorinated biphenyls
CP Chlorophenols

PCP Pentachlorophenol

Chest X-ray Chest radiograph

CDT
FEV,/FVC %

Carbohydrate-deficient transferring
Forced expiratory volume in
1 s/inspiratory vital capacity

Introduction

Chlorinated aromatic hydrocarbon compounds such as
polychlorinated biphenyls (PCBs) used to be frequently
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applied in hydraulic fluids, paints, inks, adhesives, paper
products, building sealants (Robson et al. 2010), electrical
and hydraulic liquids, and used as cooling and insulating
agents in electrical transformers (NIOSH 2006; Prince
et al. 2006; Ruder et al. 2006). Aroclors (Arochlors) are
industrial multi-component mixtures, containing approxi-
mately 20-70 % of PCB mixture with various levels of
chlorine substituent, that is Aroclor 1254 contains 12 car-
bon atoms and 54 % chlorine by mass, with 17-392 ng
PCB-TEQ/g Aroclor (TEQ, dioxin-like toxic equivalents)
(Rushneck et al. 2004; UBA 2007). Poisoning of humans
was reported for the first time in 1968 after the consump-
tion of rice oil prepared from PCB-containing heat
exchanger oil (Onozuka et al. 2009), which produced
extensive and widespread acne-form skin eruptions, with
cysts or comedones in face and auricles, retro-auricular,
axillary spaces and the trunk. The PCB concentrations in
the blood of these “Yusho” patients were a factor of 3.6
above those of a control group (Onozuka et al. 2009).
These poisoning of 14,000 people resulted from PCB-
contaminated rice bran oil used as chicken feed. Guo et al.
(1999) reported additional occurrence of joint and spine
complaints, skin alterations, anaemia and pathological
thyroid enlargement of the exposed people 15 years after
mass intoxication in Taiwan (Yucheng cohort). Serious
outbreaks of poisoning in humans and domestic animals
from the ingestion of food contaminated with PCB resulted
in legislation for biomonitoring of contamination in
humans and the subsequent banning of PCB production and
restricting its use in Europe and North America in the
1980s (Diamond et al. 2010; NIOSH 2006). PCBs belong
to the group of ‘Persistence Organic Pollutants (POPs)’,
which were classified as particularly dangerous industrial
chemicals by the Environmental Protection Authority of
the United Nations.

In modern times, occupational exposure to PCBs is
largely restricted to construction site workers removing
building seals (Robson et al. 2010; Herrick et al. 2007;
Selden et al. 2008) or opening hydraulic or heat trans-
former systems, with some residual contamination in
mining, recycling and the burning of waste (Breivik et al.
2011). In 2010, workers from a German transformer
recycling company and their families (as well as all indi-
viduals working close by) were reported to display acci-
dentally elevated PCB levels (Schettgen et al. 2012a, b).
There is also evidence that unknown amounts of industrial
organic contaminants exported outside former regions of
use as well as their re-import provide new opportunities for
environmental spillage and occupational exposure, espe-
cially with the increases in transport of PCB-containing
industrial waste (Fig. 1).
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PCBs are well absorbed through lungs, gastrointestinal
tract and skin. Earlier studies with workers from the elec-
trical industry reported the high prevalence of comedones
and acne as well as cases of pathological liver changes with
abnormal values for liver-sensitive enzymes (Maroni et al.
1981; Zhang et al. 2012). Smith et al. (1982) also reported
elevated GOT and GPT values in 321 workers exposed to
PCBs in the electrical industry.

Polychlorinated biphenyls have an irritating effect on
mucous membranes with the potential for lesions in the
airways (Reggiani and Bruppacher 1985). Although not of
primary importance for disease, the lung can also be one of
the target organs (Rallis et al. 2012; Recio-Vega et al.
2012). Obstructive ventilation patterns were described by
Lawton et al. (1986), and neurological changes after sub-
stantial or long-term chronic exposure to PCBs have been
reported (Altenkirch et al. 1996). Both animal experiments
and human studies indicate endocrinological effects of
chlorinated biphenyls (Leijs et al. 2009; Garner et al. 1999;
Brouwer et al. 1999; Hany et al. 1999; Weisglas-Kuperus
et al. 2004). The outcome of environmental or occupational
exposure to polychlorinated biphenyls continues to be
controversial, and some questions remain unanswered.
Medical information from accidental poisoning, which can
provide much-needed information, is rarely published. The
description of the outcome (Table 1) of accidental PCB
exposure, on a ship transporting PCB-containing waste,
may help to resolve some of these questions.

Methods
Ambient monitoring

Seven weeks after the incident, air and dust samples were taken
from the tween deck of the stern and bow cargo holds of the
vessel upon arrival in the harbour of Hamburg. The ambient
monitoring measurements were conducted after cleaning and
sand blasting (Table 1). The measurements of polychlorinated
biphenyls in ambient air and the wipe tests were performed by
certified commercial laboratories (Fresenius laboratories,
Frankfurt, Germany and Dr. Wiertz Eggert, and Dr. Jorissen,
Fresenius laboratories, Hamburg) using extraction techniques
and gas-liquid chromatography analysis confirmed by mass
fragmentography. Air measurements from the tween deck of
the stern and bow cargo holds were performed for 2 h each and
were conducted on the same day, 7 weeks after the incident.
The stern cargo hold was empty, and the hatch remained closed.
The total PCB in the air was calculated as the sum of six indi-
cator compounds (3 _congeners 28, 52, 101, 138, 153, 180)
multiplied by a factor of 5.
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Fig. 1 Potential new occupational health hazard: global transport of industrial waste: containers in European harbours upon inspection. The
picture shows similar cargo type and damage described herewith to illustrate a typical workplace situation

Table 1 Case description

Accidental occurrence

A small coaster of 400 twenty—foot equivalent, manned by 6 seafarers, took 19 containers of transformers on board in the Thai port of
Bangkok. Two transformers in one of these containers still contained transformer oil (Aroclor 1254) to be disposed in Europe; the ship was
in a heavy storm, which badly damaged the cargo. One of the two transformers detached from its restraints and leaked. About 400 1 of
transformer oil containing Aroclor 1254 flowed into the cargo hold, leading to continuous inhalative exposure by those on board. During a
recovery operation and after arriving in the next harbour, the crew received significant skin exposure to the transformer oil. After the vessel
arrived at an Arab port, more cargo was taken on board and the defective transformer was newly fixed within the container. After the coaster
reached its destination port in Europe, 7 weeks after leaving Bangkok, a thorough cleaning of the hatches followed, and the walls of the
vessel were also sandblasted

Exposure-associated job description
Exposed subjects

With the exception of the cook, the crew performed a recovery operation in the cargo hold for 30 min on the day of the incident (A, B, D, E,
F). They did not wear protective clothes. During these activities, the crew members inhaled and were percutaneously exposed to Aroclor
1254 to a great extent.

For degassing, the hatches of the cargo hold were permanently opened at outside temperatures of up to 40 °C for nearly 2 weeks, 1 week
after the leakage. Due to the high temperatures, the crew members slept on deck during this period. Thus, they were exposed to Aroclor
1254 by inhalation for a longer time. During this time, all crew members developed itchy papule vesicles all over the body. On arriving in
the next harbour, treatment with fucidine (sodium fusidate topical) was started and the symptoms receded. When the vessel arrived at an
Arab port, the crew performed further recovery operations in the cargo hold, this time using breathing masks and protective suits

Exposure-associated symptoms: all subjects developed slightly itchy papule vesicles all over the body (A, B, C, D, E, F). Treatment with the
chemotherapeutic agent fucidine reduced the symptoms
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Subjects

The examination of the whole crew was performed
8 weeks after the accident upon arrival in the harbour of
Hamburg. All seafarers from the ship—six men (aged
25-50 years), two from northern Europe (A + B) and four
from southern Asia (C-F)—took part in the investigation
(all gave written permission). They underwent medical
examination and donated blood and urine.

Control reference subjects (n = 96) were men (aged
47 £ 10 years) from northern Germany, working in
administrative jobs, not exposed to PCB.

Lung function testing and chest X-rays (CXR)

Spirometry and body plethysmography were performed
with a Jaeger Masterlab (Jaeger, Wiirzburg, Germany). The
variables assessed were as follows: specific airway resis-
tance (sRt), airway resistance (Rt), inspiratory vital
capacity (IVC), residual volume as % of total lung capacity
(RV/TLC%) and forced expiratory volume in 1 s as % of
inspiratory vital capacity (FEV{/IVC%). Diffusing capacity
for CO (T cose) was measured by the single breath
method (Compact transfer, Jaeger, Wiirzburg, Germany).
According to the European Respiratory Society recom-
mendations, the best values were taken from at least three
acceptable and reproducible manoeuvres (IVC, FEV,) and
compared with reference values (Quanjer et al. 2012). For
airway resistance and TGV (thoracic gas volume), the
median of at least three measurements was chosen. Routine
posterior—anterior chest radiographs were obtained and
evaluated by an expert radiologist.

Clinical laboratory parameters

Considering the variety of health risks, the seafarers
exposed to PCB underwent an examination programme
with extensive, differentiated diagnostic aspects. Tests for
hepatitis infections or alcohol abuse (CDT) were per-
formed. The intention was to differentiate between non-
occupational infections or nutritional liver diseases and
potential liver disorders due to PCB exposure.

Blood sedimentation rate was performed according to
the Westergren method, and total IgE serum levels were
measured (ImmunoCAP, Phadia, Freiburg, Germany), and
urine stick analyses (Combur’-Test, Roche Diagnostics,
Mannheim, Germany) and flow cytometry were performed.
Flow cytometry was performed on a FACSCalibur flow
cytometer (Becton—Dickinson, Heidelberg, Germany):
Two-colour direct immunofluorescence surface marker
analysis was performed using fluorescein isothiocyanate
(FITC) and phycoerythrin (PE) conjunctivated monoclonal
anti-human antibodies, respectively. The lymphocyte
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subpopulations were measured by the use of the following
pairs of antibodies: CD3/CD19; CD3/CD4; CD3/CDS;
CD16/CD56 (Becton—-Dickinson). The samples were
stained for two-colour immunofluorescence as described in
the manufacturers’ protocol. Briefly, 100 pl of blood
sample was incubated with each set of monoclonal anti-
bodies for 20 min in the dark. All antibodies were used at
optimal dilutions, and, after incubation, 1.9 ml of PBS
(phosphate-buffered saline) was added before evaluating
the results.

The following analyses were performed by a commer-
cial laboratory: leucocytes, haemoglobin, erythrocytes,
haematocrit, MCH, MCHC, thrombocytes, differential
hemogram, GOT (AST), GPT (ALT), y-GT, total bilirubin,
alkaline phosphatase, cholinesterase, a-amylase, glucose,
cholesterol, HDL cholesterol, LDL cholesterol, triglycer-
ide, uric acid, urea, total protein, serum electrophoresis
(albumin, alpha;-globulin, o»-globulin, B-globulin,
v-globulin), immunoglobulins (IgA, IgG, IgM), thyroid
hormones (T3, T4), TSH; carbohydrate-deficient transfer-
rin (CDT), hepatitis serology: hepatitis A (IgG and IgM
antibodies), hepatitis B (antigen and antibodies, IgM anti-
bodies), hepatitis C (antigen and antibodies).

Biomonitoring of polychlorinated biphenyls (PCB)
and chlorophenols (CP)

PCB in plasma was measured as follows: One millilitre of
plasma was treated with 1 ml HNO3 (30 %) for 30 s and
extracted with n-hexane/toluene (1:1) for 20 min. The
organic phase was washed with 1 ml of K,CO5 (5 %), and
1 ml of organic phase was evaporated by gaseous nitrogen
to the volume of 100 pl with 100 pl n-decane as keeper.
Two microlitres of residues (splitless; auto sampler) was
separated gas chromatographically on a HP 5 MS column
(by Hewlett Packard; internal diameter 0.25 mm; film
thickness 0.25 pm; temperature programme 2 min 100 °C,
rate 7.5 °C/min to 295 °C, 3 min 295 °C isotherm). PCB
28/52/101/138/153/180 were quantified at retention times
of 14.9, 15.8, 18.0, 20.8, 20.1, 22.3 min using the fragment
ion of 256, 292, 326, 360, 360, 394 (m/z) respectively after
electron impact ionisation at 70 keV (mass selective
detector). Calibration was performed with PCB standards
that were treated identically to the plasma samples. Line-
arity of the calibration line was observed in the range of
0.25-30 pg/l.  Detection limit was estimated to
0.10-0.15 pg/l plasma by a signal to noise ratio of 3:1.
Accuracy was established by certification for PCB in
plasma within the runs of the German External Quality
Assessment Scheme (G-EQUANS). Creatinine in urine was
measured with HPLC method. As reference, newly estab-
lished German biological workplace reference values
(BAR) (Hartwig 2012) were applied (Table 2); if not
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Reference values (pg/l)

6 pg/l is equiv. to 1 ug/m3 air (EKA) 2 (reference)

Control reference group (n = 96) Occupational limit values (ug/1)
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25 (HBM )
40 (HBM 1)

2 Ambient monitoring in air and wipe tests for PCB content in ship cargo areas (jg/m>)

b Biological monitoring for PCB congeners: 28, 52, 102, 138, 153, 180 in plasma (pg/l)

¢ Biological monitoring for chlorophenols in urine (pg/1)

<LOD < Limit of detection, MAK maximal workplace concentrations, BAR biological workplace reference values, EKA exposure equivalent for carcinogenic substances (Hartwig 2012) *Age-

dependent values (the lower value refers to the youngest crew member with 25 year, the higher to the oldest with 50 year). Bold typing shows values above the respective reference values (age

adjusted) and the reference used

available, German reference levels for the general popu-
lations (UBA 2012) or alternative (if no reference values
were available) mean values of the control reference group
were used.

Urinary excretion of chlorophenols was analysed with a
sensitive gas chromatography—mass spectrometry method
according to the validated methods from the German
Research Council, DFG methods (DFG 2012). Briefly after
hydrolysis, clean-up by steam distillation, extraction steps,
enrichment and derivatization (limits of detection 0.2-0.5
ng/l). The steam eluate was concentrated with reverse-phase
column (RP-18). The chlorophenols plus internal standards
(see below) underwent derivatisation with diazomethane,
and the samples were separated with gas chromatographi-
cally on DB-5 ms 30 m column (with 0.5 film thickness as
internal standards 13C-2,4-dichlorophenol and 13C-2,4,6
trichlorophenols were used). For the analysis of penta-
chlorophenols, the samples that underwent acid hydrolysis
(DFG 2012) were extracted with n-hexane and separated
with gas chromatographically DG-5 ms 30 m column, and
for the detection quadruples, MSD was applied.

The results were compared with the data of 96 men
(aged 47 £ 10 years) from northern Germany, working in
administrative jobs, not exposed to PCB (control reference
group). The samples from the control reference group were
measured in parallel with the exposed subjects.

Results
Clinical and occupational case histories

Details of the exposure and working conditions are pre-
sented in the Table 1. The crew members were heavily
exposed to PCB-containing vapour by inhalation and per-
cutaneous from the spilled transformer oil at outside tem-
peratures of up to 40 °C. All developed acne-form non-
infectious skin eruptions with multiple itching papulove-
sicles. Topical treatment with the agent fucidine (sodium
fusidate topical) reduced the symptoms.

Exposure assessment: ambient and biomonitoring

Air samples and wipe tests could only be taken in the empty
cargo area after extensive cleaning activities. The air and
wipe samples taken 7 weeks after the accident demon-
strated PCB 3~ concentrations of 0.995 and 1.212 pg/m” in
stern and bow areas, respectively (with total PCB concen-
tration of 6.1 and 5.0 pg/m? in stern and bow cargo air). The
wipe surface values were from 13.8 to 9,440 mg/m2 (n=28,
mean 2,000 £+ 3,113 + SD, median 1,053 mg/mz). The
highest concentration was found at the hatch cover under
the transformer. More results are given in Table 2a.
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Biomonitoring of PCB and chlorophenols: Samples for
all crew members exceeded the ranges of normal for PCB
congeners 28 and especially 52 and 101 (Table 2b). Based

Table 3 Personal data and the results of lung function testing

Subject A B C D E F
Age (year) 50 25 43 35 33 41
BMI 17 24 34 23 23 23
Smoking yes yes  ex ex no ex
Rt (kPa*s/l) 0.15 023 038" 0.34° 024 034°
sRt (kPa*s) 092 063 1.17 104 066 091
FVC (% mean predicted®) 64> 104 85 81 76" 81
RV/TLC (%) 52° 18 29" 29° 30° 22
FEV/EVC (%) 77 8 75 87 83 78

Dico SB (mmol/min/kPa) 5.9 104 89 115 79 9.0

? Reference values: (Quanjer et al. 2012), > Abnormal value

Rt airway resistance airways, sRt specific airway resistance, /VC inspi-
ratory vital capacity, RV residual volume, TLC total lung capacity, FEV,
forced expiratory volume in 1 s, 7y co SB lung diffusing capacity for
CO, single breath method

Table 4 Results of clinical laboratory parameters

on our previous experience with patients exposed to similar
waste cargo in the harbour areas and industrial waste
facilities, we had decided to perform additional biological
monitoring for possible incorporation of chlorophenols
(Table 2c).

Analysis for chlorophenols: Chlorophenol screening
was performed in urine samples from both patients and
the reference group. We found that, as expected, crew
members had enhanced secretions of trichlorophenols,
tetrachlorophenols and pentachlorophenols in urine,
when compared with a control reference group
(Table 2c¢).

Clinical examinations eight weeks after the incident

Acne-form alterations persisted in two patients (B, F) with
one of them showing single comedones (F). One of these
seafarers had a mild eczema on the palms of the hand
(B) and the other had slightly squamous palms (D). None
of the examined seafarers demonstrated severe pathologi-
cal skin alterations, generalised swollen lymph nodes and
thyroid gland increase or organic changes in thorax,

Study subjects A B C D E F Normal range
Haematological findings

Leucocytes (/nl) 8.8 7.9 11.8 7.5 6.3 7.5 4-10
Erythrocytes (Mio/pl) 4.8 4.7 5.0 5.9 4.9 44 4.7-6.1
Haemoglobin (g/dl) 14.5 14.6 15.0 17.2 15.0 13.9 14-18
Lymphocytes (/nl) 1.9 1.9 3.0 1.8 1.9 2.0 1.04.8
T-lymphocytes CD3+ (%) 75 75 59 70 64 71 59-85
B-Lymphocytes CD19+ (%) 17 8 27 10 13 17 6-23
Helper T cells CD3+/CD4+ (%) 64 42 42 36 31 47 29-61
Suppressor T cells CD3+/CD8+ (%) 10 30 19 30 33 23 11-38
Natural killer cells CD16+/CD56+ (%) 7 15 14 19 24 10 6-31
Clinical chemistry (serum)

GOT (U/) 8 14 13 12 12 10 <19
GPT (U/) 6 21 18 26 24 12 <23
v-GT (U/l) 9 31 25 30 16 15 <29
Phosphatase alcaline (U/1) 91 88 126 126 89 109 <190
Glucose (mg/dl) 100 79 92 61 99 102 60-100
Cholesterol (mg/dl) 168 213 171 211 211 168 <200
HDL cholesterol (mg/dl) 54 61 44 47 67 35 >35
LDL cholesterol (mg/dl) 93 137 102 141 89 113 <150
Triglyceride (mg/dl) 103 75 124 116 275 192 <200
Creatinine (mg/dl) 1.1 1.2 1.2 1.1 0.9 1.1 0.5-1.2
Immunoglobulins

IgA (mg/dl) 194 202 403 294 264 822 70-400
IgG (mg/dl) 1,081 1,149 1,498 1,793 1,030 1,506 700-1,600
IgM (mg/dl) 103 86 85 126 92 158 40-230
IgE (mg/dl) 30 14 50 299 195 8 <100
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abdomen or nervous systems. Blood pressure was normal
with the exception of crew member C (190/110 mmHg).

Lung function (Table 3) and chest X-rays (CXR): The
lung function tests of seafarer C and D showed slightly
elevated airway resistance values, and seafarer E revealed
marginally reduced vital capacity. The chest X-ray of
seafarer A indicated presumed pulmonary emphysema with
elevated residual volume and reduction in vital capacity
and diffusion capacity, presumably due to long-term cig-
arettes smoking (45 pack years). The chest X-ray findings
of the other subjects were undistinguished.

Considering the variety of health risks, the seafarers exposed
to PCB underwent an examination programme of extensive,
differentiated diagnosis. For instance, tests on hepatitis infec-
tions and the alcohol marker CDT were performed. The
intention was to differentiate between non-occupational
infections or nutritional liver diseases and potential follow-up
liver disorders on account of the PCB exposure.

Clinical parameters: Four (C — F) of the six seafarers had
indications of a previous hepatitis B infection, and two of them
(C + D) still in a contagious state. The seafarers were
informed about these findings and the risk of infection. One of
the seafarers (D) with active hepatitis B had increased liver-
sensitive enzymes. Another one (B) without detectable hep-
atitis B had a mild liver function disorder, presumably from
elevated alcohol consumption (CDT positive). Five of the six
seafarers (B—F) showed antibodies against hepatitis A. Three
of the seafarer demonstrated mild cholesterolemia (D-F), and
one of them also had a distinctly elevated triglyceride level
(E). One seafarer exhibited anaemia (F) with a high blood
sedimentation rate (36/58 mm n. W.), an elevated uric acid
level (8.5 mg/dl) and a decrease in thyroid-stimulating hor-
mone. The latter was also informed about the findings and
instructed to undergo further medical examination at home.
Two subjects (D + E) demonstrated high total IgE levels as
evidence of atopy or previous worm parasite infections. One
seafarer (C) showed an enhanced number of leucocytes of
unknown reason. He was distinctly overweight (BMI = 34)
and had arterial hypertonia. All other laboratory findings
(Table 4) were within normal ranges.

After a latency time of 7 weeks from the incident and
the local anti-inflammatory treatment, none of the exam-
ined seafarers exhibited severe skin disorders. The signif-
icant chloracne characteristic of PCB exposure had receded
and only some mild acne-form skin eruptions and single
comedones persisted in two of the seafarers.

Discussion
The temporal relationship of the exposure to the leaking

transformer oil, with the occurrence of acne-form skin
eruptions and the detection of enhanced values of both
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polychlorinated biphenyls and chlorinated phenols in blood
and urine samples, indicated that the seafarers incorporated
these substances after the incident. The aim of the study
was to evaluate whether the consequences of the PCB
exposure contribute to their health status or not.

The PCB concentrations in respiratory air measured at
the end of the cruise, 7 weeks after the accident (and after
safety measures), were 5 or 6 pg/m>, which are above the
German threshold limit value (MAK, maximum workplace
concentration of 3 pg/m®) (Hartwig 2012). They were
similar to the concentration range that Bent et al. (2000)
and Gabrio et al. (2000) measured in the ambient air of
schools contaminated with PCB (mean value 6-7 ug/m3;
maximum values between 1.59-10.66 pg/m’). The PCB
measurements show that total air concentration in the
hatches of the vessel consisted of more than 80 % of the
PCB congeners 52 and 101. The corresponding PCB
congeners 52, 101 and 28 found in plasma of six patients
confirm the occupational exposure to the polychlorinated
biphenyls from ship cargo by the seafarers. The values
exceeded not only the normal range of subjects occupa-
tionally non-exposed to PCB (control reference group) but
also the German occupational reference values, BAR
(Hartwig 2012). The source of additional contamination
with chlorophenols could also be the transformer oil as
PCB mixtures are often contaminated with other poly-
chlorinated substances, such as polychlorinated naphtha-
lenes, or the exposure could come from other waste cargo
present on board. Small quantities of polychlorinated dib-
enzofurans and dioxins cannot be excluded either. A
comparison of the PCB values found in the plasma with
data from the literature suggests that these values are not in
a range that might constitute a health risk. However, the
extensive exposure to PCB took place several weeks
before; therefore, the measured values do not represent
immediate post-exposure values. Smoking (Deutch and
Hansen 1999) was shown to be a confounder, and the
frequent consumption of PCB-contaminated food (i.e., fish)
(Badia-Vila et al. 2000; Consonni et al. 2012) can increase
the internal PCB load (Crinnion 2011; Lazaro et al. 1999;
Fitzgerald et al. 1999; Sala et al. 1999). There was no
evidence for such exposure by the crew members.
Accordingly, the temporary acne-form skin eruptions and
liver function disorders belong to frequently observed
effects of polychlorinated biphenyls. Chloracne is one of
the most common occupational dermatoses caused by
systemic poisoning with dioxin-like compounds or penta-
chlorophenol (Cheng et al. 1993; Adams et al. 2011). It is
characterised histologically by an acne-like eruption of
comedones. The exact mechanism by which the skin
lesions characteristic of chloracne develops is still obscure;
it is thought to be mediated by the binding of these com-
pounds to the aryl hydrocarbon receptor, leading to up-
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regulation of multiple genes involved in xenobiotic
metabolism (Adams et al. 2011). Coenraads et al. (1999)
have analysed blood levels of PCDDs and PCDFs in the
chemical factory workers and concluded that the exposure
levels required to cause chloracne should exceed 650 pg/g
blood lipids. In our case, the exposure was lower. It should,
however, be noted that the seamen were also exposed to
pentachlorophenol, which might presumably have cumu-
lative effect.

The other marked outcomes, especially IgE elevations in
two seafarers and substantial blood sedimentation rate
increase with anaemia or pulmonary emphysema, are
unlikely to be from PCB exposure. Three seamen had
slightly higher cholesterol levels (211-213 mg/d), other
lipids were in a normal range, and their BMI range was
normal (with exception of one seaman), indicating that
body fat unlikely influenced the PCB serum levels. Some
crew members showed slight increases in airway resis-
tance, but specific airway resistance and FEV/IVC% were
within the normal ranges. From the absence of respiratory
symptoms and the lung function data, we can exclude
RADS.

The occasionally observed abnormal liver changes after
occupational intoxication with chlorinated compounds are
in general mild and reversible functional disorders and only
rarely constitute severe changes. In our study, three of the
six seafarers exhibited a mild elevation of liver-sensitive
enzymes, obviously at least partially due to alcohol abuse
in one of them (elevated CDT levels). The other two sea-
farers showed evidence of previous hepatitis B infection,
which would account for the enzyme elevations. It is more
difficult to clarify lipidosis in three patients. The enhanced
triglyceride blood level of one of them might be from
their diet. The cholesterolemia also affecting these two
seafarers was probably of dietary origin as they were of
normal weight. Cholesterol levels were mildly enhanced
(211-213).

Enhanced lipid levels in blood, especially triglyceride
elevation (Hirota et al. 1993; Masuda 2001; Hsieh et al.
1996; Tokunaga et al. 1999), were described for Yusho and
Yu-Cheng patients who were orally exposed to the PCB-
contaminated rice. Some studies report, in addition,
immunodepressive effects, mostly reductions in the num-
ber of T-lymphocytes and helper T cells (Lemesh 1992;
Nakanishi et al. 1995; Hoffmann 1996). Although former
Yusho patients showed enhanced immunoglobulin levels,
any correlation with PCB content in blood was not dis-
cernible (Tsuji et al. 1999). Other authors have discussed
possible effects on thyroid function or metabolism (Smits
et al. 2002).

The World Health Organisation (WHO) has identified
twelve specific congeners as dioxin-like with toxicity
ranging from 0.00003 to 0.1 times the standard 2,3,7.8-

tetrachlorodibenzo-p-dioxin(2,3,7,8-TCDD) toxicity. Bur-
gin et al. (2001) (Kodavanti et al. 2001) have shown that
two lots of Aroclor 1254 may have differential effects on
enzyme induction, thyroid hormones, oxidative stress and
neurochemical effects. Waste mixtures, such as the case
described herewith, may contain various Aroclor mixtures
with various TEQs, thus having presumably different
pathophysiological effects. Unfortunately, we could not
determine the TCDD amounts in our study. On the other
hand, we could confirm our clinical observations by
showing co-exposure with chlorophenols, which might
contribute to the observed manifestation of chloracne.
With respect to malignant tumours (PCBs are probable
carcinogens, IRAC classification 2A), only long-term
follow-up can provide information about residual risks. In
the United States, the numbers of deaths from melanoma
skin cancer and brain cancer were higher in PCB-exposed
workers than expected (NIOSH 2006). The latency time
for exposure to carcinogenic substances is typically 10 or
more years.

In summary, the temporal connection between occupa-
tional PCB exposure and acne-form skin eruptions in all of
the exposed and examined patients concurs with a causal
relationship. From the latency period of 7 weeks and the
appropriate immediate treatment, the major effects were
ameliorated and only residual effects remained at the time
of the examinations. The detection of chlorinated phenols
as well as of polychlorinated biphenyls in biological
material provides the evidence for the incorporation of
these hazardous substances from the leaked transformer oil.
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