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1 | INTRODUCTION

Background: In 1976 in Manfredonia (Italy), arsenic was released into the
atmosphere due to an accident in a petrochemical plant. We aimed to analyze the
mortality of workers involved in the factory for the site cleaning activities.
Methods: The cohort consisted of 1467 workers grouped into contract, fertilizer, and
plastic workers. The outcome of interest was mortality for specific causes. Standardized
mortality ratios (SMR) and 95% confidence intervals (95%Cl) were computed.
Results: For all workers and all causes of death combined, the SMR was less than 1.0.
Mortality ratios were increased for malignant neoplasms of the pleura, bone and
melanoma of the skin. Contract workers, the group mostly exposed to arsenic,
showed statistically significant SMRs for several malignancies, in particular for lung
cancer (SMR = 1.26; 95%Cl: 1.05-1.54).

Conclusions: Overall, the results reported here on mortality among persons
occupationally exposed to arsenic are consistent with the literature and biologically
plausible.

KEYWORDS
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(Group 1).1 Inorganic arsenic compounds cause lung cancer, urinary

bladder cancer, and skin cancer. Positive associations have also been

The International Agency for Research on Cancer (IARC) classifies observed between exposure to arsenic and cancer of the kidney, liver,

arsenic and inorganic arsenic compounds as carcinogenic to humans and prostate.! Evidence is also conclusive for non-neoplastic
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conditions such as skin ailments.? Evidence of an association with non-
cancer outcomes such as diabetes and cardiovascular diseases is still
inconclusive.®~®

From 1971 to 1994, a chemical plant located about 2 km from the
built-up area of Manfredonia (Figure 1) produced caprolactam (plastic)
and urea (fertilizers). The initial product for the fertilizer manufacturing
was ammonia, obtained from methane gas. In the synthesis of
ammonia, achieved in an ammoniac washing column, arsenic
compounds were used as a catalyzer for chemical reactions.®

On September 26, 1976, a major chemical accident occurred
due to the explosion of the ammoniac washing column, and an
estimated 10-39 tons of arsenic compounds were released into the
atmosphere.”® Emissions following the explosion were of two
types:

1. A liquid solution and the solid materials of the column, which
descended in the proximity of the plant.
2. Acloud of gas and droplets, rising to 200 meters, which dispersed in

the direction of the city of Manfredonia.

In the days after the accident, about 1800 persons were present in
the chemical plant, including workers contracted by minor companies
(contract workers) who worked in the same plant for the main
company and were mainly assigned to manual work. During the first
6 days after the accident, contract workers and workers from the

fertilizer area conducted initial cleaning-up activities, consisting of’:

1. Using brooms to clean up dust. This was performed by contract

workers;
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FIGURE 1 Location of the Manfredonia petrochemical plant

2. Water jet reclamation. This was performed by workers from the
fertilizer area's maintenance division;

3. Filling barrels with materials contaminated by arsenic. This activity
was performed by workers from the fertilizer area; and

4. Covering barrels inside the factory with cement, an activity

performed by contract workers.

In this phase of maximum contamination and exposure, workers
were not provided with protective equipment, which was only
distributed by the management of the plant 6 days later.?

In 1996, 20 years after the explosion and after a formal accusation
that malignant tumors in exposed workers could be associated with the
arsenic exposure, the Court of Foggia initiated criminal proceedings
against ten former managers of the plant and two medical consultants.
The trial ended in 2007 with a verdict of absolution for all
defendants. 111

The purpose of this cohort study is to evaluate the mortality
pattern of workers employed at the time of the accident and involved
in site cleaning through an internal comparison with estimated
exposure and a comparison with the mortality experience of the

general population of the Foggia Province.

2 | METHODS

2.1 | Study design

For this study, a cohort enrolled within the trial initiated by the Court of
Foggia was used.? It consisted of 1467 workers, grouped in two sub-
cohorts, for which different inclusion and exclusion criteria were used.
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Inclusion and exclusion criteria were as follows:

Permanent staff was recruited and consisted of workers employed
in the production of caprolactam and urea. For their enumeration,
employee registries were used and all workers were included in the
cohort.

Contract workers were recruited, for which a disease registry of the
Worker's Health and Safety Board was used for the enumeration.
Thus, only those who had reported an injury related to the accident or
levels of arsenic in urine over the thresholds initially set by the
authorities up to 100 pg/L and afterwards to 300 pg/L were entered
into the registry and included in the cohort.

For all workers, information about the area of work (fertilizer/
plastic), whether the employee was from a contracted company, the
date and place of birth, municipality of residence, vital status, and
cause of death as of October 31, 2001, were available from the follow
up performed within the trial. For all members of the cohort, a new
follow up was performed in 2016/7 by contacting General Registries
Offices or by using, for those residents in Manfredonia, the General
Registry Office of the City. Worker vital status was updated up to
March 15, 2016.

The outcome of interest for this study was the overall and cause-
specific mortality. Causes of death were coded using the ninth Revision
of the International Classification of Diseases (ICD IX). Causes of death
were selected a-priori according to the available literature (Table S1 in
supplementary material). For workers deceased after October 31,
2001, a request for a copy of the death certificate was made to the

Health Authority of the deceased's residence.

2.2 | Statistical analyses

Person-years were calculated for each cohort member from the date of
the accident until date of death, date of lost to follow-up, or March 15,
2016, whichever occurred first.

First, crude and age-standardized mortality rates were calcu-
lated per 1000 person years. A Poisson regression was then
performed and the following factors were considered: exposure in
three levels (contract workers were assumed to be the most
exposed, fertilizer workers as having average exposure, and plastic
workers as the least exposed). We also investigated the interaction
between working area and residence in Manfredonia as high levels of
urinary arsenic among workers resident in Manfredonia have

previously been reported.?®-1%

2.3 | External comparison analyses

The mortality experience of cohort members was compared with the
mortality experience of the population of Province of Foggia (630 000
residents and some 5500 deaths observed yearly) using standardized
mortality ratios (SMRs).1¢

The expected number of cases was estimated using cause-specific
death rates for the calendar year (1976 to 2016) and 5-year age groups
(20-85 years) of the Province of Foggia, available from the Italian
Institute of Statistics.
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In order to take into account missing causes of death, the method
proposed by Rittgen and Becker!” was implemented, and corrected
SMRs were computed. 95% confidence intervals (95%Cls) were
calculated using exact tests.*® All tests were two-tailed.

We addressed the issue of correctly defining the latency period by

calculating SMRs assuming different latency periods.

2.4 | Internal comparison analysis

A quantitative approach to estimate arsenic exposure, such as
arsenic concentrations in urine or the number of days worked during
clean-up activities, was not possible because such information was
not available for this study. Thus, information based on the
literature® and reports written for the trial by industrial hygienists’
were used and an approximate indicator of exposure was adopted.
Hence, also for internal comparison purposes, contract workers were
assumed to be the most exposed, fertilizer workers as having
average exposure, and plastic workers as the least exposed; Cox
proportional hazard models were then applied. The time to event,
that is, mortality for different causes, was treated as a dependent
variable and time in study was taken as the time scale. Working area
(assuming work in plastic as the reference category), age at the time
of the accident (5-year groups), and residence (Manfredonia or
elsewhere) were used as covariates. Hazard ratios (HRs) and 95%Cls
were calculated.

2.5 | Sensitivity analysis

In the external comparison analysis, a sensitivity analysis was
conducted by comparing the mortality experience of cohort members
with the corresponding population of the Apulia Region (about 4
million inhabitants and around 40 000 deaths per year).

3 | RESULTS

Overall, the cohort included 1467 workers; 114 were deceased before
2001 and a further 192 had died as of the second follow up (March 15,
2016). For 93% of all deceased individuals, the cause of death was
ascertained.

Of the workers who were alive in 2001, 728 were resident in
Manfredonia and follow up was performed through a record linkage
with the general registry of the City of Manfredonia. In this subgroup, 8
persons were not identified in the city archives, 2 were lost to follow-
up, 619 were alive, and 99 persons were deceased.

Among the additional 625 non-residents in Manfredonia, 205
registrars in Italian municipalities were contacted by mail. In this sub-
group, no information on vital status was available for 8 persons, 16
were lost to follow-up, 508 persons were alive, and 93 were
deceased.

One thousand four hundred fifty-one persons were included in the
analysis. Sixteen persons for whom no vital status information was

available were discarded from the analyses. Eighteen lost to follow up
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TABLE 1 Cohort size and results of follow-up in a historical cohort study of workers employed in a petrochemical plant in Manfredonia (South

Italy), 1977-2016

Total Women Men
No. % No. % No. %
Total cohort 1467 100.0 39 100.0 1428 100.0
No information on vital status 16 11 0 0.0 16 11
Included in the analysis 1451 98.9 39 100.0 1412 98.9
Vital status on 15 March 2016
Alive at follow-up 2016 1127 77.7 39 100.0 1088 771
Lost to follow-up by 2016 18 1.2 0 0.0 18 1.3
With follow-up available up to 2001 6 33.3 6 33.3
With data of work cessation available 12 66.7 12 66.7
Deceased 306 211 0 0.0 306 217
With known cause of death 285 93.1 285 93.1

were registered (Table 1). For 12 of them, the information on vital
status was retrieved from the previous follow up. For the remaining six
employees, the date of cessation of employment was used as the
censoring date.

Further analyses were restricted to male workers, as only 39
female workers were enrolled in the cohort (Table 1). 306 deaths were
confirmed in the cohort up to March 15, 2016. The cause of death was
ascertained for 285 persons (93.1%). The cohort included 1412 male
workers, vyielding 51234 person-years between 1976 and 2016.
Almost 62% (n = 885) of persons under study were directly employed
by the petrochemical plant. 527 were contract workers, among whom
more than half of the total deaths (n = 161) were observed (Table 2).

Table 3 shows cause-specific age-adjusted mortality rates stratified
by working area during the accident and residence. In addition, the
coefficient of interaction between workers' residence and their working
area during the accident are shown. For almost all major categories of
causes of death, age adjusted mortality rates were higher among
workers living in municipalities other than Manfredonia, and coef-

ficients of interaction not significantly different from zero (Table 3).

Conversely, age-adjusted mortality rates for malignant neoplasms of
respiratory and intrathoracic organs and for lung cancer were higher
among workers living in Manfredonia, and coefficients of interaction
positive and statistically significant (Table 3). No such interaction was
detected for deaths from diseases of the heart and circulatory system.
Given the small number of cases, corresponding observations for

cancers other than those in the lung cannot be assessed.

3.1 | External comparisons

Table 4 and Supplemental Tables S2-S5 show the results of the
external comparison for the cohort as a whole (Table S2), and
separately for the plastic workers (Table S3), fertilizers (Table S4), and
contract workers (Table S5).

For all workers and all causes of death combined, the SMR was
less than 1.0 (Table 3). The reduction in the general mortality was
primary driven by mortality from diseases of the circulatory
system, the respiratory system, and the digestive system (Tables 4

and S2). However, the SMR for malignant neoplasm of the pleura

TABLE 2 Persons under study, number of deaths, and person-years according to different characteristics of the cohort

Persons under study

n %
All 1412 100.0
Permanent staff 885 62.7
Fertilizer area 656 46.5
Plastic area 227 16.1
Other 2 0.1
Contract workers 527 373
Residence
Manfredonia 769 54.5
Elsewhere 643 45.5

Follow up to 15 March, 2016. Analysis restricted to men.

Number of deaths Person years

n % N %
306 100.0 51234 100.0
145 47.4 32811 64.0
114 373 24156 47.1
30 9.8 8577 16.7
1 0.3 78 0.2
161 52.6 18423 36.0
161 52.6 28128 54.9
145 47.4 23107 45.1
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TABLE 3 Age-adjusted mortality rates (per 1000 person years), 95% confidence intervals (95%Cl), and interaction terms according to the

working area during the accident and residence

Residence

Manfredonia

Coefficient of

Elsewhere interaction

Cause of death Number Age standardized
Area of working of deaths mortality rate 95%CI
All causes
Contract 100 3.1 24 41
workers
Fertilizer 49 2.1 1.6 29
Plastic 12 1.7 09 30

Natural causes

Contract 89 2.6 20 35
workers

Fertilizer 45 1.9 13 26
Plastic 10 1.3 0.7 25

Malignant neoplasms

Contract 42 1.3 09 1.9
workers

Fertilizer 26 11 07 17
Plastic 7 1.0 04 20

Malignant neoplasm of digestive organs and peritoneum

Contract 13 0.4 02 0.8
workers

Fertilizer 6 0.3 0.1 0.6
Plastic 3 04 01 14

Malignant neoplasm of respiratory and intrathoracic organs

Contract 19 0.6 03 11
workers

Fertilizer 11 0.5 02 0.9
Plastic 3 0.4 01 13

Lung cancer

Contract 18 0.5 03 11
workers

Fertilizer 10 0.4 02 0.9
Plastic 3 0.4 01 13

Diseases of the circulatory system

Contract & 0.9 06 1.5
workers

Fertilizer 11 0.4 02 038
Plastic 1 0.1 0.0 0.9

P-values <0.05 are in bold.

was 4.20 (95%Cl: 1.92-8.52); for the code corresponding to
malignant neoplasm of bone, connective tissue, skin, and breast,
the SMR was 1.75 (95%Cl: 1.23-2.48); for melanoma of the skin, it
was 2.17 (95%Cl: 1.20-3.83). Furthermore, a remarkable deficit in
deaths from injury and poisoning in all groups was observed
(Table S2).

Number Age standardized

of deaths mortality rate 95%CI Estimate  Pr> ChiSq
61 3.9 29 53 -0.0031 0.9456
65 2.7 20 36

18 2.6 1.6 42

54 3.2 23 45 -0.0067 0.8882
59 2.3 1.7 31

15 2.1 1.2 35

21 1.3 0.8 22 00189 0.782
29 1.2 08 18

7 1.0 0.5 22

7 0.5 02 11 -0.0561 0.6392
12 0.5 03 1.0

4 0.6 02 17

5 0.3 0.1 0.8 02487 0.0305
5 0.2 01 0.5

2 0.3 01 12

4 0.2 0.1 0.7 03115 0.0113
4 0.2 0.1 05

1 0.1 00 1.0

18 1.0 0.6 18 00297 0.7214
19 0.7 04 1.2

5 0.7 03 16

Mortality rates differed among subgroups. Plastic workers showed
a decrease in mortality risk for all deaths combined and for almost all
the investigated causes of death (Table S3).

Fertilizer workers showed statistically significant SMRs for
malignant neoplasms of the pleura (SMR =4.68; 95%Cl: 1.25-13.28),
for malignant neoplasms of bone, connective tissue, skin, and breast
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TABLE 4 Observed and expected number of deaths, standardized mortality ratios (SMR), and 95% confidence interval (95%Cl) according to the
area of working for selected causes of death among male workers of a petrochemical plant in Manfredonia (South Italy), 1976-2016

Observed number of Corrected® observed number of  Expected number of
Cause of death deaths (O) deaths (O,) deaths (E) SMR®  95%CI?
Plastic workers
All deaths 30 30 494 0.61 041 0.87
Natural causes of death 25 28.8 44.2 0.65 0.53 084
Malignant neoplasms 14 16.2 18.9 0.85 0.65 1.17
Digestive organs and 7 8.1 6.5 1.24 084 1.89
peritoneum
Respiratory and 5 5.8 5.9 0.98 0.61 1.60
intrathoracic organs
Lung 4 4.6 54 0.85 0.50 147
Diseases of the circulatory 6 6.9 13.6 0.51 0.33 0.80
system
Fertilizer workers
All deaths 114 114 167 0.68 0.56 0.82
Natural causes of death 104 110.8 150.7 0.74 0.67 0.81
Malignant neoplasms 55 58.6 62.7 0.94 083 1.07
Digestive organs and 18 19.2 21.6 0.89 072 111
peritoneum
Respiratory and 16 17.0 19.8 0.86 0.69 1.09
intrathoracic organs
Lung 14 14.9 18.2 0.82 0.64 1.06
Diseases of the circulatory 30 32.0 48.1 0.67 0.56 0.79
system
Contract workers
All deaths 161 161 179.7 0.90 0.76 1.05
Natural causes of death 143 151.5 166.1 0.91 0.84 0.99
Malignant neoplasms 63 66.7 62.6 1.07 095 1.20
Digestive organs and 20 21.2 21.3 0.99 0.82 1.22
peritoneum
Respiratory and 24 254 20.2 1.26 105 152
intrathoracic organs
Lung 22 23.3 18.5 1.26 1.05 1.54
Diseases of the circulatory 51 54.0 57.7 0.94 083 1.07
system
All workers
All deaths 306 306 396.0 0.77 0.69 0.86
Natural causes of death 272 292.0 361.2 0.81 0.76 0.86
Malignant neoplasms 132 141.7 144.3 0.98 091 1.06
Digestive organs and 45 48.3 49.5 0.98 086 1.11
peritoneum
Respiratory and 45 48.3 46.0 1.05 092 120
intrathoracic organs
Lung 40 42.9 42.1 1.02 089 117
Diseases of the circulatory 87 93.4 119.4 0.78 0.71 0.86
system

Reference population: Province of Foggia.
2ICD-9, International Classification of Diseases, Ninth Revision; Cl confidence interval; SMR, standardized mortality ratio.
bCorrected for missing specific information for cause of death (Rittgen & Becker®’).
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(SMR=2.18; 95%Cl: 1.33-3.57), and for melanoma of the skin
(SMR = 3.16; 95%Cl: 1.44-6.49) (Table S4).

The SMR for contract workers for all deaths is close to 0.90 (95%
Cl: 0.76-1.05) and was 1.07 (95%Cl: 0.95-1.20) for all malignancies
combined (Table 3). In addition, an increase in SMRs for malignant
neoplasm of respiratory and intrathoracic organs (SMR: 1.26; 95%Cl:
1.05-1.52); lung cancer (SMR: 1.26; 95%Cl: 1.05-1.54); malignant
neoplasm of the pleura (SMR: 4.73; 95%Cl: 1.26-13.32); malignant
neoplasm of bone, connective tissue, skin, and breast (SMR: 1.85; 95%
Cl: 1.02-3.27), and genitourinary organs (SMR: 1.33; 95%Cl: 1.00-
1.78) emerged (Table S5).

3.2 | Latency

SMR calculations for lung cancer (Figure 2) and diseases of the
circulatory system (Figure S1) were repeated assuming six different
latency periods.

Among contract workers, SMRs were higher than one for latency
periods equal to 20 years or less; they reached their maximum for
latency periods between 15 and 20 years, and decreased toward the
null in the subsequent periods (Figure 2).

For fertilizer and plastic workers, no specific pattern was
observed. SMRs were very close to 1.0, and there was no evidence
of an excess in lung cancer mortality for any latency period considered
(Figure 2). For diseases of the circulatory system, no particular patterns

emerged (Figure S1).

3.3 | Internal comparison

Compared to plastic workers, contract workers had hazard ratios of
1.85 for all causes of death (95%Cl: 1.25-2.75); 1.95 for natural causes
3,00
2,50

2,00

SMR§ 4
(C195%)

1,00
0,50

0,00
5 10 15 20 25 30

Contract workers

]
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of death (95%Cl: 1.36-2.80); 2.78 for diseases of the circulatory
system (95%Cl: 1.18-6.54); and 2.55 for diseases of the cardiovascular
system (95%Cl: 0.99-6.53). The HRs for respiratory diseases did not
diverge from the null (Table S10). Among fertilizer workers, HRs were
greater than one for different causes of death but estimates presented
wide uncertainty.

Cox's regression models also showed increases in risk for workers
living in Manfredonia (lung cancer, HR: 2.3; 95%Cl: 1.1-4.9; malignant
neoplasm of respiratory organs, HR: 1.9; 95%Cl: 1.0-3.7). For other
causes of death, no increases in the hazard ratios were observed (Data
not shown in table).

3.4 | Sensitivity analysis

The sensitivity analysis was performed assuming the Apulia Region as
the reference instead of just the population of the Province of Foggia.
The results were generally similar with those obtained using the
provincial population as a reference (Tables S7-510).

4 | DISCUSSION

The reported cohort of Italian workers exposed to arsenic included
1467 workers followed up to March, 2016, and accounted for more
than 51 000 person-years. The observed number of deaths for the
entire cohort and for all causes of death combined was less than
expected when compared with the reference population. However,
SMRs were significantly greater than one for neoplasms of the pleura
(based on two cases), malignant neoplasms of the bone, connective
tissue, skin, breast (seven cases), and for melanoma of the skin (three

cases).

{111

10 15 20 25 30 5

Plastic

10 15 20 25 30

Fertilizer

FIGURE 2 Standardized mortality ratios (SMR) and 95% confidence intervals (95%Cl) for lung cancer among workers of a petrochemical
plant in Manfredonia (South Italy), 1976-2016, according to 5, 10, 15, 20, 25, and 30 years of latency and working area during the accident.
Reference population: Province of Foggia. [Color figure can be viewed at wileyonlinelibrary.com]
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Internal comparisons showed higher risks for cancer and non-
cancer mortality among contract and fertilizer workers rather than
plastic workers. However, all of the excesses noted for the fertilizer
workers over plastic workers included one in the 95%CI.

Overall, cancer-specific SMRs were generally greater than 1.0 in
the sub-cohort of fertilizer workers and especially among contract
workers. In the sub-cohort of plastic workers, the SMRs were rarely
greater than 1.0.

Workers from the fertilizer area showed elevated SMRs for
malignant neoplasms of the pleura, for bone, connective tissue, skin,
and breast, and for melanoma of the skin.

Among contract workers, the number of observed cases was
significantly higher than expected for several tumors, namely for
malignant neoplasms of respiratory and intrathoracic organs, for lung
cancer, for malignant neoplasms of the pleura, malignant neoplasms of
bone, connective tissue, skin, and breast, and for malignant neoplasms
of genitourinary organs.

Our results are generally comparable with those reported in the
literature. According to the monograph published in 2012 by the IARC,
arsenic and inorganic arsenic compounds are carcinogenic to humans
(Group 1).* Notably, the workers employed at the time of the accident
were exposed to the most toxic arsenic compounds, arsenate (As + 5)
and arsenite (As+3),!” which indeed can cause lung and non-
melanoma skin cancer.

During cleaning up, the cohort in Manfredonia could have been
exposed to arsenic through inhalation, ingestion, or dermal contact.
The IARC reviewed several occupational cohort studies in which
mortality for lung and respiratory malignancies was associated with
arsenic exposure via inhalation. An increase in lung and respiratory
cancer mortality was observed in different working settings, such as

2021 and in a fertilizer

manufacture of arsenic-containing insecticides
plant.??

Different investigators have found that the risk of lung cancer
mortality increased with long latency periods. In contrast to Marshall
et al?® and to Smith et al,>* who found in Chile increasing risks even
40 years after exposure reduction to arsenic contaminated water, we
observed increased risk for latency periods between 15 and 20 years.
This inconsistency could be due to different exposure pathways (ie,
ingestion or inhalation of arsenic or dermal contact among workers in
Manfredonia versus ingestion of contaminated water among the
exposed population in Chile) and exposure durations (massive, acute
exposure among workers in Manfredonia versus prolonged exposure
to contaminated water among the exposed population in Chile).
However, our findings are consistent with those of Jaruop and
colleagues, who analyzed a cohort of Swedish smelter workers and
found higher SMRs when they introduced a 10-year minimum latency
period.?® In a cohort study of Russian fertilizer workers, an excess in
mortality for all cancers combined and for lung cancer assuming a
latency period longer than 20 years was also observed.??

In our study, an excess of mortality from malignancies of the
pleura was observed, based on two cases, which may suggest an
occupational exposure to asbestos, which was used in the Manfre-

donia petrochemical plant.2¢

Furthermore, an increase in mortality for lung cancer among
workers living in Manfredonia was observed, possibly due to

residential exposure to arsenic.?”

4.1 | Healthy worker effect

In the external comparison analysis, mortality for diseases of the
circulatory and respiratory systems was lower than expected.

This may be explained by the healthy worker effect. To address this
issue different methods have been proposed in the literature.26=% In our
study, an internal comparison analysis was performed, and anincrease in
mortality for all natural causes combined among contract workers was
found. In particular, higher hazard ratios in fertilizer and contract
workers (compared to plastic workers) were observed for diseases of the

circulatory but not for diseases of the respiratory system.

4.2 | Strengths and limitations

To our knowledge, this occupational cohort study has one of the
longest follow-up periods of workers acutely exposed to arsenic. The
information on vital status and cause of death is almost complete.

In order to describe the mortality experience of those involved in
the site cleaning of the petrochemical plant, external and internal
approaches were adopted and sensitivity analyses were performed.
Furthermore, the potential role of residential exposure to arsenic in
enhancing mortality for specific causes of death was tested.

Two different sources were used for cohort enumeration. For
permanent staff, plant personnel records were used, and all workers
permanently employed in the period during the site cleaning were
enrolled. For contract workers, a disease registry managed by the
Worker's Health and Safety Board was used in which all those who had
reported an injury related to the accident or had urinary arsenic levels
over the thresholds set by the authorities were entered. Using this
inclusion criterion, some 422 workers who took part in clean-up
activities following the accident and were included in an epidemiological
surveillance program were not enrolled'*3* due to a lack of information
in the adopted registry. This clinical and biomarker-based exclusion
criterion may have elevated the observed risk among contract workers.

Soon after the accident a technical committee decreed that only
workers with urinary arsenic levels <100 pg/L were allowed to remain
in the plant. The threshold of 100 pg/L was set because the previous
controls almost never led to exceedance of this threshold (Figure §3).18
However, 2 weeks after the accident the technical committee issued a
report based on 700 medical examinations performed among workers:
45% of them showed concentrations of urinary arsenic >100 pg/L.
Ninety-two workers were admitted to the City Hospital of Manfre-
donia with levels of urinary arsenic even >3,000 ug/L.13 On
December 1, 1976, the Worker's Health and Safety Board, following
the advice of the Institute of Occupational Medicine of Bari University,
increased the threshold of urinary arsenic levels below which workers
were allowed to remain in the plant to 300 ug/L (Figure S3), and on
December 5, 1976, it was proposed to further increase the threshold
up to 800 pg/L” (Figure S3).
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According to the authorities, the decision to raise the return to
work threshold was justified by the decreased quantity of arsenicin the
plant following the site cleaning activities. In clinical studies conducted
on workers involved in clean-up activities, investigators observed
higher arsenic concentrations in urine, particularly among workers
resident in Manfredonia. Some authors suggested a possible residen-
tial exposure to arsenic as a factor associated with the increase in
arsenic concentrations in urine.t3# According to other authors, the
diet, richer in fish and crustaceans, was likely the factor that could have
caused increased levels of arsenic in the urine.>>!” After the accident
and during the following weeks there was a ban on the sale of fish
products caught in the sea near the petrochemicals of Manfredonia. In
fact, a crisis in the fisheries sector arose. It is therefore unlikely that
workers increased their fish consumption coincidentally in this period.
Thus, increasing values of arsenic concentrations (ie, >1000 pg/L) were
unlikely due to diet and more likely due to occupational and residential
arsenic exposure.

In summary, entry of contract workers into the registry managed
by the Worker's Health and Safety Board and used for the enumeration
of the cohort was not based on scientific rationale.

Since in our cohort only 39 persons were females we excluded
them from the analysis. Therefore, we could not evaluate possible

differential effect of arsenic exposure by sex.

4.3 | Causation

The association between arsenic exposure and lung cancer might be
confounded by smoking. However, individual data were not available.
In order to address this issue, an indirect adjustment was performed
following the method proposed by Axelson and Greenland.3> Results
of indirect adjustments, carried out under different hypotheses of
smoking habits among sub-groups of workers differently exposed to
arsenic, showed that the confounding by smoking was likely to be
minimal (Figure S2 and supplementary note).

Another way to indirectly control for smoking was to analyze other
smoking-related diseases.®® In this study, SMRs for diseases of the
respiratory system were less than 1.0, a noteworthy finding. In
addition, the internal comparisons did not show any increased risk for
respiratory diseases. Thus, it is unlikely that the sub-cohort of contract
workers with the greatest exposure to arsenic smoked substantially
more than the provincial population or more than the least exposed
subgroups of workers.

However, before deducing causation, some additional issues still

need to be discussed.®”

4.3.1 | Strength of the association

Among contract workers, a statistically significant increase in lung
cancer mortality was reported. This excess clearly increased with
latency periods between 15 and 20 years from the arsenic exposure.
However, an excess of lung cancer was already observed 5 years after
the explosion. Continuous exposure to arsenic among contract

workers therefore cannot be ruled out.

WILE Y-
4.3.2 | Consistency

Several studies have reported an association between lung cancer and
arsenic exposure, with different study designs and in different

occupational settings, including fertilizer production.

4.3.3 | Plausibility

Causation is biologically plausible. Indeed, the arsenic compounds the
workers in Manfredonia were exposed to are considered the most
toxic forms of arsenic.

Therefore, our findings of excess lung cancer in contract workers

support a causal effect.

4.4 | Power

Although the study was large compared to many other studies and the
follow-up was long, the number of deaths in different subgroups was
relatively small. However, in interpreting differences between different
groups or between the cohort and reference populations, we focused
more on effect sizes, on patterns, and on the homogeneity of results
obtained by assuming different statistical approaches rather than
statistical significance. We have also to acknowledge low statistical
power for certain rare cancers (eg, neoplasms of genitourinary organs), for
which lack of statistical significance does not mean lack of carcinogenicity.

Although P values and confidence intervals were presented and the
term “statistical significant” was used, no adjustment for multiple
comparisons was done. The possibility of chance (false positive) or
multiple comparisons to explain some results cannot be ruled out.
However, several authors have warned against adjusting for multiple
comparisons, preferring to present data consistently with the Bradford-
Hill criteria, where other issues, such as consistency with evidence over
time/studies or biological plausibility, are given priority.3®3° Further-
more, in the present study a pre-established hypothesis was formulated
before analyzing data using a statistical analysis plan.4°

In the present study, non-significance therefore does not mean
“not important”. In addition, since false negative results may also have
occurred because of limited power, the absence of evidence should

not be interpreted as evidence of absence.**

5 | CONCLUSION

Overall, the results reported here on mortality among persons occupation-
ally exposed to arsenic are consistent with the literature and biologically
plausible. For lung cancer, a statistically significant excess of mortality was
reported in the subgroups of workers most exposed to arsenic.

This study also provides new data suggesting an increased cancer
mortality among workers resident in Manfredonia. Thus, the hypothesis
that residential exposure plays a role is justified and an epidemiological
study on the population residing in Manfredonia is warranted.

Our study shows that occupational data are still a valuable tool for
investigating long-term effects of arsenic, especially in case of massive
exposures due to an industrial disaster.
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