
December 10, 2013 

Gary S. Goldman, Ph.D. 
Computer Scientist 
P.O. Box 847 
Pearblossom, CA  93553 USA 
Email:  gsgoldman@roadrunner.com 

Dear Andrea M. Boccelli, 

In a letter dated March 1, 2012 you wrote to Ms. Dannemann, Director of the National Coalition of 
Organized Women (NCOW), and indicated that the only agenda of the American Journal of 
Obstetrics and Gynecology (AJOG) is “to ensure access to information that will improve maternal 
outcomes and the lives of women.” You continued to elaborate that the “articles by Dr. Pedro Moro 
were reviewed favorably by three very credible reviewers who assigned favorable scores.” By 
contrast, “The paper by Dr. Gary Goldman was in fact reviewed by one reviewer who is the 
Journal’s Advisor on infectious diseases and one of the most respected people in the United States in 
this field.” The “Goldman article” scores were “so low that the chances of publication were slim, it 
was not sent for subsequent review.” 

Since that time, the Goldman manuscript was sent to another peer-reviewed journal, accepted, and 
now appears as an Open Access article with the National Library of Medicine (on 
www.Pubmed.gov).1 Please see the attached graph showing 23 consecutive influenza seasons (from 
1990/91 to 2012/13) showing a spike that occurred during the 2009/10 two-dose pandemic 
(H1N1)/Seasonal (TIV) vaccine season (based on reports accessed on 12/09/13 in VAERS 
database). After 20 years of just 0 to 6 reports annually, suddenly there was a spike of 158 fetal 
deaths occurring in one year! Yet, your editors agreed with Dr. Moro’s conclusion: “No unusual 
pattern!” Interestingly, but not unexpected, VAERS case reports of Guillain-Barré also spiked during 
that same pandemic season—an illness associated with thimerosal-containing vaccines, since the 
mercury content creates a potential for neurological and auto-immune disorders. 

A study2 by Brown and Austin using a different methodology, but supporting the same conclusion as 
Goldman, found that “Babies in utero are particularly at risk of higher Hg exposure than adults (on a 
dose/weight basis through maternal Hg transfer via the placenta), and are more susceptible to 
adverse effects from mercury and its biologically active compounds.” The study, concluded, in part, 
“Data demonstrated that Hg exposures, particularly during the first trimester of pregnancy, at well-
established dose/weight ratios produced severe damage to humans including death.” 

It is unfortunate that the reviewer(s) did not take the time to request the actual survey data obtained 
by NCOW.  By suggesting that vaccination during pregnancy is safe (in the first trimester), this 
contributed to poor maternal outcomes and the unnecessary deaths of many fetuses. Here are three 
representative samples taken from those contained in the NCOW survey: 
______________________________ 
1 Goldman GS. Comparison of VAERS fetal-loss reports during three consecutive influenza seasons: Was there a 
synergistic fetal toxicity associated with the two-vaccine 2009/10 season? Hum Exp Toxicol 2013 May;32(5):464-475. 
http://het.sagepub.com/content/32/5/464.long 

2 Brown IA, Austin DW. Maternal transfer of mercury to the developing embryo/fetus: is there a safe level? 
Toxicological & Environmental Chemistry 2012 Sept;94(8):1610-1627. 

mailto:gsgoldman@roadrunner.com
http://www.pubmed.gov/
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Case 1: The mother reports: I had an ultrasound at 14 weeks on October 29, 2009 reporting all was 
well with myself and the baby. On that same day I received both the flu shot and the H1N1 shot. 
Two weeks later I went for a routine check-up and the doctor could not find the heartbeat. I had 
another ultrasound showing no heartbeat or activity. After reviewing the scan my OB said the baby 
died 12 days prior which would have been two days after the influenza shots were administered. I 
had a DNC and asked my doctor if that shot could’ve played a role in this “miscarriage.” He said it 
was “impossible.” 

Case 2: A women received an [H1N1] vaccine and within hours contracted pain and birthed a still 
born baby the next morning. She went to her physician to obtain the H1N1 shot and that same night 
started experiencing cramps. She noticed that the baby started kicking more than usual. She didn't 
think anything of it at first, just thought that she was getting sick or something; but the next morning 
she still had cramps so she went to the hospital and had a stillborn (natural birth) at 17 weeks old and 
7 inches long. The mother and child were healthy with no complications prior to the vaccine.  

Case 3: On October 29, 2009, my baby was doing well at 13 weeks, 6 days. The nurse said I 
NEEDED to get the vaccines for the safety of my baby. I got both influenza shots. Two weeks later I 
had another appointment and my baby was dead. According to the ultrasound the baby had died 10-
12 days prior…that is 2-4 days after the influenza shots. 

NCOW has another 50 similar case reports. 

In conclusion, pregnant women who experienced fetal loss in close proximity to influenza 
vaccination, were misled by their physicians who encouraged them with patently false information 
that the influenza vaccine was “perfectly safe” (especially during the first trimester of pregnancy) or 
that “only 1 in a million pregnant women” experience fetal loss based on ascertainment unadjusted 
fetal death reports to VAERS (largely among woman vaccinated in the 2nd and 3rd trimesters of 
pregnancy). Studies such as Moro et al, published by AJOG and supported by the CDC, misled the 
medical community to assess the pandemic influenza vaccine as safe. In reality, this false 
propaganda instilled distrust and outrage among the many women experiencing fetal loss. Presently, 
it is now possible to locate unbiased research (Goldman’s study and the Brown and Austin study) 
that is reasonable and explains the biological mechanism causing the large spike in fetal death 
reports that occurred during the 2009/10 pandemic influenza season that resulted in an estimated 1 
fetal death in 1,695 pregnant woman vaccinated. AJOG’s failure to rectify the falsehoods concerning 
vaccination during pregnancy has contributed to additional dangerous proposals to vaccinate 
pregnant women—leading to future generations of damaged children. 

Sincerely, 

Gary S. Goldman, Ph.D. 
Computer Scientist 

Cc: Moon H. Kim, MD, Co-Editor, AJOG 
Thomas J. Garite, MD, Co-Editor, AJOG 
Pamela Poppalardo, Publishing Director, Elsevier 
Paul Taylor, Senior Publishing Editor, Life Sciences, Elsevier 
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Article

Comparison of VAERS fetal-loss
reports during three consecutive
influenza seasons: Was there a
synergistic fetal toxicity associated
with the two-vaccine 2009/2010
season?

GS Goldman

Abstract
The aim of this study was to compare the number of inactivated-influenza vaccine–related spontaneous abortion
and stillbirth (SB) reports in the Vaccine Adverse Event Reporting System (VAERS) database during three con-
secutive flu seasons beginning 2008/2009 and assess the relative fetal death reports associated with the
two-vaccine 2009/2010 season. The VAERS database was searched for reports of fetal demise following admin-
istration of the influenza vaccine/vaccines to pregnant women. Utilization of an independent surveillance survey
and VAERS, two-source capture–recapture analysis estimated the reporting completeness in the 2009/2010 flu
season. Capture–recapture demonstrated that the VAERS database captured about 13.2% of the total 1321 (95%
confidence interval (CI): 815–2795) estimated reports, yielding an ascertainment-corrected rate of 590 fetal-loss
reports per million pregnant women vaccinated (or 1 per 1695). The unadjusted fetal-loss report rates for the
three consecutive influenza seasons beginning 2008/2009 were 6.8 (95% CI: 0.1–13.1), 77.8 (95% CI: 66.3–89.4),
and 12.6 (95% CI: 7.2–18.0) cases per million pregnant women vaccinated, respectively. The observed reporting
bias was too low to explain the magnitude increase in fetal-demise reporting rates in the VAERS database relative
to the reported annual trends. Thus, a synergistic fetal toxicity likely resulted from the administration of both the
pandemic (A-H1N1) and seasonal influenza vaccines during the 2009/2010 season.

Keywords
Human toxicology, immunization, influenza vaccine, spontaneous abortion, stillbirth, Thimerosal

Introduction

Since 1997, the Advisory Committee on Immuniza-

tion Practices (ACIP) has recommended the routine

vaccination of pregnant women with trivalent inac-

tivated influenza vaccine (TIV) after the first tri-

mester of pregnancy. This recommendation was

expanded in 2004 to include all trimesters of

pregnancy.1

All previously published studies of pregnant

women who were administered with TIV have

reported this vaccine as safe during all stages of

pregnancy.2–4 Christian et al. explained the reason

for this record of safety: ‘The inflammatory

response elicited by TIV is substantially milder and

more transient than seen in infectious illness.’5

Two frequently cited peer-reviewed reports on the

safety of influenza vaccination during pregnancy did

not reveal any adverse outcomes among 56 women6

and 180 women.7 Both these studies, which used

‘no Thimerosal’ influenza vaccines, had insufficient

statistical power to adequately detect and assess com-

plications due to the small sample size. A third

follow-up safety study (conducted among 2291
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pregnant women) cited by ACIP did not find

increased childhood mortality associated with expo-

sure to TIV in pregnancy.3 However, fetal losses were

not included in the analysis.

Based on the prior record of safety of TIV and the

fact that the pandemic A-H1N1 vaccine shared the

same licensure and manufacturing processes as the sea-

sonal TIV, the ACIP recommended for the 2009/2010

influenza season that pregnant women receive the pan-

demic inactivated A-H1N1-virus vaccine in addition to

the seasonal TIV (both produced by five approved vac-

cine manufacturers) during any trimester of pregnancy.

However, the safety and effectiveness of the pan-

demic (monovalent influenza) A-H1N1 vaccine had

neither been previously established in pregnant women

nor the combination of two different influenza vaccines

ever tested in pregnant women. The A-H1N1 vaccine

inserts from the various manufacturers contained this

caution: ‘‘It is also not known whether these vaccines

can cause fetal harm when administered to pregnant

women or can affect reproduction capacity.’’

In October 2010, Moro et al. summarized that dur-

ing 19 influenza seasons (1990/1991 through 2008/

2009), there were a total of 17 spontaneous abortion

(SAB) and 6 stillbirth (SB) reports following TIV in

the Vaccine Adverse Event Reporting System

(VAERS) database for an overall mean of 1.21 (23/

19) fetal loss reports per year. This study’s stated rate

of fetal-loss reporting was 1.9 per 1 million (or 23/

11,800,000) vaccinated pregnant women.8

In a second study published 8 months following the

first, Moro et al. noted 121 SAB and 19 SB reports or a

total of 140 fetal-loss reports to VAERS during the first

5 months of the 2009/2010 influenza season.9 This

equates to greater than 57 reports per million (>140/

2,437,113) vaccinated pregnant women. The ratio of

the 140 fetal-loss reports during the incomplete 2009/

2010 season to the 1.21 reports/year representing the

mean of the 19 prior seasons, yields a 116-fold (140/

1.21) increase in fetal-loss reports (SAB and SB) in the

VAERS database. Moro et al. attributed this dramatic

increase, in part, to reporting bias, citing a ‘‘Weber-

like effect.’’9 The Weber effect is a temporal reporting

pattern whereby the number of reported adverse events

(AEs) for a new drug increases during the first 2 years

of marketing and then subsequently declines, presum-

ably reflecting decreased enthusiasm for reporting as

AEs become well known.

Despite the statistically significant rate ratio (RR)

of 29.4 (95% confidence interval (CI): 19.0–45.8) for

2009/2010 fetal-loss report rate (57 reports/1 million)

to the mean rate of 1.9 reports/1 million (over the pre-

vious 19 influenza seasons), the second Moro et al.

study concluded, ‘‘ . . . H1N1 vaccination in pregnant

women did not identify any concerning patterns of

maternal or fetal outcomes.’’9

Was the increase in fetal-loss outcomes during the

two-vaccine 2009/2010 influenza season merely the

result of reporting bias or was there a synergistic toxi-

city associated with the two-dose 2009/2010 influenza

season?

Methodology

Fetal-loss reports in the VAERS database for the two-

vaccine 2009/2010 influenza season were compared

with those reports from the immediately prior (2008/

2009) and subsequent (2010/2011) single-vaccine sea-

sons. The incidence of fetal-loss reports per 1 million

pregnant women vaccinated was estimated for each

season with 95% CIs computed based on the Poisson

distribution. The RR of the fetal-loss report rate and

CIs for the two-dose 2009/2010 influenza season to

the fetal-loss report rate in the adjacent seasons were

similarly estimated.

Independent survey of fetal loss related to 2009/
2010 A-H1N1 vaccine

An independent survey was conducted by the National

Coalition of Organized Women (NCOW) via the Inter-

net to serve as a second surveillance source for preg-

nant women suffering A-H1N1 fetal loss during the

two-vaccine 2009/2010 influenza season. Eileen Dan-

nemann, director of NCOW, oversaw this study and the

data collected are summarized in the Results section. In

response to a public service announcement delivered

via several websites on the Internet, respondents con-

tacted one of two study coordinators via phone or

e-mail address. The respondents provided relevant

details including (a) type of influenza vaccine received,

(b) date of vaccination, (c) type of vaccine, (d) date of

onset of symptom/symptoms, (e) date of SAB or mis-

carriage, (f) geographic location, (g) whether or not the

AE was reported to VAERS, and (h) other miscella-

neous comments.

Capture–recapture analysis was used to determine

the reporting completeness of fetal-loss reporting

using two ascertainment sources: (1) the NCOW sur-

vey and (2) the VAERS database. Ascertainment-

corrected fetal-loss report rates are computed by

applying two-source capture–recapture methods to

Goldman GS 465

 by guest on November 30, 2013het.sagepub.comDownloaded from 

http://het.sagepub.com/
http://het.sagepub.com/


the number of reported fetal-loss incidents.10–12 The

estimator N* of the total fetal-loss incidents is given

by N* ¼ [(b þ 1)(c þ 1)/(a þ 1)] – 1, where a is the

number of fetal-loss incidents reported by both ascer-

tainment sources, and b and c denote the number of

fetal-loss incidents reported by the NCOW survey and

VAERS ascertainment sources, respectively. When

a > 6, there is 95% confidence that the theoretical bias

is negligible; however, this does not account for any

bias that might result from source dependencies or

heterogeneity of the population within an ascertain-

ment source.13,14

Since the distribution of the capture–recapture esti-

mate is skewed in practice, to avoid misleading results

associated with standard error estimates of result

uncertainty, goodness-of-fit–based CIs were utilized.15

Number of annual pregnancies and percentage
of vaccinated pregnant women

The number of pregnancies given in Table 1 for each

of the three consecutive influenza seasons was

derived from Ventura et al. and was presumed to

remain relatively constant at about 5,200,000.16

While this same reference was used by Moro et al.,8

his figure of 6,408,000 pregnancies per year included

about 1,210,000 elective annual abortions.

The 11.3% (for 2008/2009) and 43% (for 2009/

2010) uptake percentages for pregnant women vacci-

nated shown in Table 1 were taken from the National

Health Interview Survey (NHIS)17 and an unpublished

National Health Family Survey (NHFS), respectively.

These percentages are cited by Moro et al.8,9 A recent

2012 Centers for Disease Control and Prevention

(CDC) report confirms the 43% uptake percentage dur-

ing the 2009/2010 influenza season by reporting cover-

age among pregnant women as 47.1% for seasonal and

40.4% for A-H1N1 vaccine (mean 43.75%).18 The

32% uptake percentage for pregnant women vacci-

nated in the 2010/2011 influenza season was reported

by the CDC (and does not include the percentage of

women vaccinated prior to or after pregnancy).19

Qualitative and quantitative assessment of trends
in fetal-loss reports

The VAERS reports were examined for evidence of

temporal or location clustering. In addition, the rate

of fetal-loss reported per million population by state

was assessed to determine any trends in reporting

Table 1. Comparison of fetal losses reported to VAERS for three consecutive influenza seasons, 2008/2009, 2009/2010,
and 2010/2011.

TIV 2008/2009
season

Additional monovalent
A-H1N1 vaccine

2009/2010 season
TIV 2010/2011

seasona

A. No. of pregnanciesb 5,200,000 5,200,000 5,200,000
B. Approx. percentage vaccinated 11.3%17 43%c 32%18

C. No. of pregnant women vaccinated (A�B) 587,600 2,236,000 1,664,000
D. No. of fetal losses from VAERS 4 174d (152 A-H1N1 only þ 18

A-H1N1 and TIV þ 4 TIV only)
21

E. Incidence of reported fetal losses per 1
million pregnant women vaccinated (D/C)

6.8 (95% CI:
0.1–13.1)e

77.8 (95% CI: 66.3–89.4)f 12.6 (95% CI:
7.2–18.0)

F. RR of 2009/2010 season to adjacent flu
season

11.4 (95% CI:
4.2–30.8)

6.2 (95% CI:
3.9–9.7)

VAERS: Vaccine Adverse Event Reporting System; RR: rate ratio; CI: confidence interval; TIV: trivalent inactivated influenza vaccine.
aThe 2009 A-H1N1 strain, along with two seasonal strains (A/Perth/16/2009 (H3N2)-like, and B/Brisbane/60/2008-like antigens)
comprised the seasonal TIV in 2010/11, obviating the need for two separate vaccines.
bNumber of annual pregnancies minus number of elective annual abortions ¼ 6,408,000–1,210,000 is about 5,200,000.16

cNational Health Family Survey (NHFS) reports 43% of pregnant women received the 2009 H1N1 vaccine (unpublished data from the
Centers for Disease Control and Prevention (CDC)). This same figure is cited in the Moro et al. manuscript.9
dShimabukuro reported 170 cases from VAERS, but did not include the entire influenza season. Shimabukuro T. Influenza Vaccine Safety
Monitoring Update: Advisory Committee on Immunization Practices. Immunization Safety Office at the Division of Healthcare Quality
Promotion, National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control and Prevention (CDC).
Presented on October 28, 2010. Slide #20 reports 149 SAB and 21 SB ¼ 170 (unpublished CDC data).
eMoro et al. determined 5.5 million, but the denominator of the rate calculation included elected abortions.9
fMoro et al. determined 57.0 per million; however, the numerator of the rate calculation included case reports for only a partial
influenza season and the denominator of the rate calculation included annual elective abortions.8
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rates by state adjusted by population for the 2009/

2010 influenza season. Also, fetal-loss reports due

to seasonal TIV vaccine and percentages of female

reports to total VAERS reports were compared for

each of the three consecutive influenza seasons as

well as two prior seasons in an attempt to discern and

quantify any historical reporting trends or anomalies

for the seasonal influenza vaccine adverse reports.

Quantitative estimate of factor of increased
reporting potentially due to Weber-like effect

If no Weber-like effect existed, that is there was no

increased or enhanced AE reporting associated with the

newly marketed pandemic A-H1N1 vaccine during the

2009/2010 influenza season, we would expect the num-

ber of VAERS reports resulting from administration of

the seasonal TIV and pandemic A-H1N1 vaccine to be

approximately equal. In other words, the ratio of AE

reports for A-H1N1 to seasonal TIV would be 1:1. Any

increase in the number of VAERS reports associated

with A-H1N1 over the seasonal TIV would yield a ratio

or factor greater than one – representing the possible

effect of a Weber-like reporting bias. Such a Weber or

Weber-like reporting bias would expect to be generally

distributed among all VAERS reports – not only those

describing pregnant women experiencing temporally

related fetal loss but also those describing other AEs

among nonpregnant females and males. VAERS reports

of anaphylactic shock occurring the same day of admin-

istration of influenza vaccine served as a control to test

the potential Weber-like reporting bias.

Results

VAERS reports

Although there was an approximate fourfold (43%/

11.3%) increase in the percentage of pregnant women

vaccinated in 2009/2010 compared with 2008/2009,

there was a 43.5-fold increase in fetal-loss reports –

from 4 in 2008/2009 to 174 in 2009/2010. The report

RR of 11.4 (95% CI: 4.2–30.8) of the 2009/2010 rate

of 77.8 fetal-loss reports/1 million pregnant women vac-

cinated to the 2008/2009 report rate of 6.8 fetal-loss

reports/1 million pregnant women vaccinated is statisti-

cally significant (Table 1).

Summary of the independent NCOW survey

The NCOW survey of fetal losses had a total of 72

respondents, 5 (7%) of which were excluded for the

following reasons: 1 (1.4%) report of indirect H1N1

transmission to a child, which caused infection and

miscarriage in a pregnant woman; 3 (4.2%) reports out-

side the United States (US); and 1 (1.4%) report with

no adverse outcome. Of the 67 remaining instances,

62 (92.5%) and 5 (7.5%) reports of fetal demise were

following A-H1N1 and seasonal TIV, respectively,

A comparison of the mean elapsed time from

administration of influenza vaccine to fetal demise and

mean gestational age at time of fetal demise is given in

Table 2 for those of the 174 VAERS cases and 67

NCOW survey respondents that provided sufficient

information. There was no statistically significant dif-

ference in the distribution of fetal loss by trimester

between the VAERS reports and NCOW survey

respondents (w
2 ¼ 1.69; p ¼ 0.43; Table 3).

Ascertainment-corrected reports for the two-
vaccine 2009/2010 influenza season

Applying capture–recapture using 67 case reports

from the NCOW survey, 174 case reports from

VAERS, and 8 cases shared by both ascertainment

sources, yields an overall reporting completeness for

the two ascertainment sources of 17.6% based on an

estimated ascertainment-corrected 1321 (95% CI:

815–2795) fetal-loss reports. Thus, the 174 VAERS

fetal loss case reports represent 13.2% (174/1321) of

Table 2. Comparison of mean time from vaccination to fetal demise and mean gestational age at fetal demise for VAERS
reports and the NCOW survey, 2009/2010 influenza season.

Description

VAERS reports, n ¼ 174 NCOW survey, n ¼ 67

Mean Number of respondents Mean Number of respondents

Elapsed time from vaccination
to fetal demise

11.8 days
(range 0–66)

166 (95%) 7.6 days
(range 1–75)

57 (85%)

Gestational age at fetal demise 13.4 weeks
(range 4–39)

113 (65%) 12.8 weeks
(range 1–39)

56 (84%)

VAERS: Vaccine Adverse Event Reporting System; NCOW: National Coalition of Organized Women.
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the total estimated fetal loss reports in the US popula-

tion. The ascertainment-corrected rate of 590 fetal-

loss reports per 1 million pregnant women vaccinated

(or 1 per 1695) is 7.6-fold higher than the uncorrected

VAERS rate of 77.8 (95% CI: 66.3–89.4).

Qualitative and quantitative assessments of
trends in fetal-loss reports

Through an inspection of the lot numbers and demo-

graphics of the individual 174 fetal-loss reports in

VAERS for the two-dose 2009/2010 influenza season,

there appeared no clustering of the reports. Only a few

‘states’ provide evidence of increased fetal-loss

reports during that season. The three ‘states’ with the

highest reporting rates were District of Columbia

(five cases), Vermont (three cases), and Montana

(three cases), with 8.3, 3.2, and 3.0 fetal-loss reports

per million population, respectively. The three states

with the lowest fetal-loss report rates were Texas (five

cases), New York (three cases), and New Jersey (one

case) with rates of 0.198, 0.154, and 0.114 reports of

fetal loss per million population, respectively. The

highest number of fetal-loss reports, 20, was from

California, yielding a rate of 0.536 fetal-loss reports

per million population.

Presuming no significant uptake variability among

the states based on the agreement of CDC’s 2010 ten-

state estimate (46.6%)20 and Moro’s 2011 reporting for

the entire country (43%),9 the state-to-state reporting of

fetal loss following A-H1N1 vaccination appears highly

variable (Table 4). In fact, nine states (Connecticut,

Delaware, Idaho, Louisiana, New Hampshire, New

Mexico, North Dakota, Oklahoma, and Wyoming) rep-

resenting a combined population of 20.5 million

reported no influenza-vaccine–related fetal losses.

Eleven states reported only one case: Alabama, Alaska,

Hawaii, Mississippi, New Jersey, Puerto Rico, Rhode

Island, South Carolina, South Dakota, Utah, and West

Virginia. Ten states reported two cases: Arizona, Arkan-

sas, Iowa, Kentucky, Maine, Minnesota, Nebraska,

Oregon, Tennessee, and Vermont (Table 4).

The ages of the women in the fetal-loss reports

indicated a reporting bias associated with older preg-

nant women (mean age 32 years) as has been previ-

ously observed.8,9

The percentage of females filing VAERS AE

reports in 2009/2010 was similar to that of the previ-

ous 2008/2009 season, with 63.9% (12,061 reports/

18,866 total reports) and 61.8% (3529 reports/5707

total reports), respectively. The RR of 1.03 (95%
CI: 0.996–1.07) was not statistically significant. In the

2010/2011 season, the reporting percentage for

females was 66.4% (6372 female reports/9602 total

reports). Despite the increase in females filing AE

reports, there were no unusual trends in the percent-

age of female adverse reports over the three consecu-

tive influenza seasons, 2008/2009 through 2010/2011

(Table 5).

Inspection of all influenza reports of males and

females (shown in bold in Table 5, column 3) associ-

ated with the administration of all influenza vaccines

over five consecutive influenza seasons reveals what

appears to be an underlying linear increase for seaso-

nal influenza-vaccine–related adverse reports from

3123 reports in 2006/2007 to 9602 in 2010/2011 hav-

ing a constant increase of 1642 + 109 reports/year

(r2 ¼ 0.99; Table 5). Similarly, restricting the reports

to females, there again appears to be a linear increase

from 2048 reports in 2006/2007 to 6372 in 2010/2011,

having a constant increase in 1086 + 111 reports/year

(r2 ¼ 0.97; Table 5, column 4).

Quantitative estimate of increased AE reporting
attributed to a Weber-like effect

The factor of increased reporting that might be poten-

tially due to a Weber-like effect in the 2009/2010

influenza season is quantified by computing the ratio

of 7734 females reporting AEs associated with

A-H1N1 vaccine to the 4863 females reporting AEs

associated with seasonal TIV (Table 5), yielding a

1.6-fold increase in the A-H1N1 AE reports. Based

on this potential Weber-like effect, given 22 reports

of fetal loss associated with TIV, we would have

expected approximately 35 fetal-loss reports (actually

Table 3. Comparison of trimester of fetal demise for
VAERS reports and the NCOW survey, 2009/2010
influenza season.

Trimester
VAERS

reports, n (%)
NCOW

reports, n (%)

First (0–13 weeks) 74 (65.5) 40 (71.4)
Second (14–27 weeks) 26 (23.0) 13 (23.2)
Third (>27 weeks) 13 (11.5) 3 (5.4)
Total reports 113a (100.0) 56b (100.0)

VAERS: Vaccine Adverse Event Reporting System; NCOW:
National Coalition of Organized Women.
a113 (65%) of 174 total reports contained gestational date infor-
mation; 62 (35%) did not.
b56 (84%) of 67 total reports contained gestational information;
11 (16%) did not.
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1.6� 22 TIV¼ 35.2 reports) attributable to a ‘Weber-

like’ effect associated with the A-H1N1 vaccines.

Thus, the magnitude of the observed possible

Weber-like effect explains neither the 170 fetal-loss

reports in VAERS nor the nearly eightfold increase

(170 A-H1N1 fetal-loss reports/22 TIV fetal-loss

reports) that was found.

Use of an independent control AE group to isolate
and independently estimate the potential size of
a true Weber-like effect

To further investigate the presence of a Weber-like

effect, VAERS reports were searched for an obvious

AE, anaphylactic shock (including anaphylactic and

anaphylactoid reaction and shock), occurring on the day

of administration of influenza vaccine – usually shortly

after the dose is administered. A review of the VAERS

database found 20 and 22 such reports during the single-

dose 2008/2009 and 2010/2011 influenza seasons,

respectively; whereas, 46 reports were found during the

two-vaccine 2009/2010 season. Presuming no Weber

effect bias and relatively equal uptake of the pandemic

A-H1N1 vaccine and seasonal TIV in the 2009/2010 flu

season, about 21 AE reports ((20 þ 22)/2) should have

been expected for each of the two (seasonal and pan-

demic) vaccination programs or a total of about 42

reports for the 2009/2010 influenza season. The differ-

ence of four reports (46 � 42 ¼ 4) between the actual

and expected anaphylactic shock reports indicates a

potential Weber-like, increase-in-reporting bias of less

than 10% associated with the A-H1N1 vaccination

program.

VAERS reports of fetal demise following
administration of A-H1N1 vaccine and TIV

A recently published CDC morbidity and mortality

weekly report18 indicated that 28.5% of pregnant

women were administered with both A-H1N1 vaccine

and TIV. Since approximately 43% of pregnant

women received at least one influenza vaccine

(Table 1), the majority of those vaccinated – 66%
(28.5/43%) – received a dose of both types of inacti-

vated influenza vaccines.

Since the TIV became available early in the 2009/

2010 influenza season, it was initially administered

first followed then by the subsequent administration

of a pandemic A-H1N1 vaccine when those inacti-

vated 2009 A-H1N1 influenza vaccines became avail-

able. This probably partially accounts for the high

Table 4. Rate of fetal-loss reports by state for two-vaccine
2009/2010 influenza season.

State
Population

(in millions)a

No. of
fetal-loss
reports

Rate (fetal-loss
reports/million

population)

Alabama 4.803 1 0.208
Alaska 0.721 1 1.387
Arizona 6.413 2 0.312
Arkansas 2.926 2 0.684
California 37.342 20 0.536
Colorado 4.939 5 1.012
District of

Columbia
0.602 5 8.306

Florida 18.901 7 0.370
Georgia 9.727 5 0.514
Hawaii 1.367 1 0.732
Illinois 12.864 6 0.466
Indiana 6.501 6 0.923
Iowa 3.054 2 0.655
Kansas 2.864 4 1.397
Kentucky 4.351 2 0.460
Maine 1.333 2 1.500
Maryland 5.790 6 1.036
Massachusetts 6.560 13 1.982
Michigan 9.912 8 0.807
Minnesota 5.315 2 0.376
Mississippi 2.978 1 0.336
Missouri 6.011 5 0.832
Montana 0.994 3 3.018
Nebraska 1.832 2 1.092
Nevada 2.709 3 0.738
New Jersey 8.807 1 0.114
New York 19.421 3 0.154
North

Carolina
9.566 8 0.836

Ohio 11.568 5 0.432
Oregon 3.849 2 0.520
Pennsylvania 12.735 6 0.471
Puerto Rico 3.989 1 0.251
Rhode Island 1.055 1 0.948
South

Carolina
4.646 1 0.215

South Dakota 0.820 1 1.220
Tennessee 6.375 2 0.314
Texas 25.268 5 0.198
Utah 2.771 1 0.361
Vermont 0.630 2 3.175
Virginia 8.038 6 0.746
Washington 6.753 5 0.740
West Virginia 1.860 1 0.538
Wisconsin 5.698 6 1.053

ahttp://www.worldatlas.com/aatlas/populations/usapoptable.htm
for the States; DC and Puerto Rico from www.cia.gov.
bNine states reported no cases: Connecticut, Delaware, Idaho,
Louisiana, New Hampshire, New Mexico, North Dakota,
Oklahoma, and Wyoming.
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percentage – 87.4% (152/174) – of VAERS reports

that only reflect a SAB or SB after A-H1N1 inocula-

tion and low percentage of 2.3% (4/174) of VAERS

reports that reflect an incident of fetal demise after

only a TIV inoculation.

Discussion

Capture–recapture estimates can lead to inaccurate and

sometimes misleading results if the underlying assump-

tions are not met.21 In epidemiological investigations,

ascertainment sources often display dependence and

heterogeneity of capture probabilities.22 The major

question individuals ask regarding capture–recapture

is ‘Will capture–recapture give you the truth?’ That is,

will it provide an extremely accurate estimate of the

fetal loss incidence rates? Simply answered, no – it will

not. When capture–recapture techniques are not uti-

lized, the estimates presented in most epidemiologic

studies are extremely poor, missing 10–90% of the

cases, with a high degree of variation.10,11,23,24 Thus,

often the disease incidence that is reported simply

reflects the incomplete case ascertainment of the study

and not the true incidence of the disease in the popula-

tion. Therefore, the options are (a) not to use capture–

recapture and report fetal loss from which the incidence

rates are almost uninterpretable since such rates merely

reflect the level of case ascertainment, (b) try to

count every case of fetal loss, which is horren-

dously expensive and slow, or (c) utilize capture–

recapture, which, depending on the degree to which

the assumptions are satisfied, as a compromise, can

be a reasonably accurate, quick, and inexpensive

approach.

The estimated 13.2% reporting completeness of

the VAERS fetal-loss case reporting is suggestive

of a low fetal-loss reporting rate during the 2009/

2010 influenza season rather than a high reporting

completeness of AEs – such as might be caused by

a Weber-like effect. Furthermore, the general level

of reporting of fetal-loss reports was variable when

adjusted by state population with 56% of states

reporting 0–2 cases (mean 1 report/state) and 44%
reporting >2 cases (mean 5.4 reports/state) with no

clustering of reports. Moreover, the percentage of

influenza vaccine–related reports to VAERS for

females was similar for each of the consecutive

influenza seasons. Finally, the fetal loss rate drama-

tically declined from 77.8 fetal-loss reports per mil-

lion women vaccinated in the two-vaccine 2009/

2010 season to 12.6 fetal-loss reports per million

vaccinated in the following single-vaccine 2010/

Table 5. A comparison of United States VAERS reports during five consecutive influenza seasons, 2006/2006 through
2010/2011.

Season and vaccine
(July–June)

All VAERS
reports

All
influenza
reportsa

VAERS female
influenza reportsb

% of VAERS female influenza
reports (100�B/A)

No. of fetal-loss
reports to VAERS

2006/2007 TIV 20,502 3123 2048 65.6 –c

2007/2008 TIV 26,117 4205 2654 63.1 4
2008/2009 TIV 22,579 5707 3529 61.8 5d

2009/2010 A-
H1N1

32,877 12,300e 7734f 62.9 170g

2009/2010 TIV 7671e 4863f 63.4 22g

2010/2011 TIV 23,416 9602 6372 66.4 21

Note: The bold figures show existing trends for the Trivalent Influenza Vaccine (TIV) over several years and should not be confused
with the figures for the special 2-dose 2009/10 Influenza season which includes the unique, separate dose of A-H1N1. Also, linear
regression analysis was run on the figures shown in bold to show statistical correlation and annual existing trends in TIV reports.
VAERS: Vaccine Adverse Event Reporting System; TIV: trivalent inactivated influenza vaccine.
aAll influenza adverse reports for TIV by year demonstrate linear correlation (figures in blue), r2 ¼ 0.99.
bFemale influenza adverse reports for TIV by year demonstrate a linear correlation (figures in blue), r2 ¼ 0.97.
cNot Reviewed.
dIncludes one live virus–related fetal death.
eFor 2009/2010, the combined A-H1N1 and TIV influenza reports total 19,971; however, 1105 duplicate reports must be deducted due
to patients reporting receipt of both TIV and A-H1N1, yielding 18,866.
fFor 2009/2010, the combined A-H1N1 and TIV female influenza reports total 12,597; however, 536 duplicate reports must similarly be
deducted, yielding 12,061.
gFigure includes 18 VAERS fetal-loss reports specifying receipt of both A-H1N1 vaccine and TIV.
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2011 influenza season. All these results argue

against a significant fetal-loss reporting bias associ-

ated with the two-vaccine 2009/2010 season.

Based on respondents’ comments to the NCOW sur-

vey in the 2009/2010 season, it is likely that the

ascertainment-corrected rate of 535 fetal losses per mil-

lion pregnant women vaccinated represents a significant

underestimate during the two-vaccine 2009/2010 influ-

enza season since health care professionals explained to

patients ‘the benefits of influenza vaccination out-

weighed the risks.’ Medical literature reporting the

mean rate of ‘1.9 fetal losses per million pregnant

women vaccinated’ for the previous 19 single-vaccine

influenza seasons based on counts of VAERS reports

that were not adjusted for under-ascertainment,8 likely

contributed to this perception of safety. Because both

patient and health care professionals relied on a histori-

cal profile that was incomplete with respect to assessing

fetal-demise reporting, a possible link to fetal demise

following administration of influenza vaccine/vaccines

during 2009/2010 was rarely contemplated or was con-

sidered highly unlikely and thus, more often than not,

not reported.

The ratio of the 12,300 AE reports associated with

A-H1N1 vaccine to the 7691 due to TIV is 1.60, which

is similar to the ratio of 1.59 using female AE reports

(Table 5). If a Weber-like increase existed, a readily dis-

cernible AE, such as anaphylactic shock, should have

generated at least a 1.6-fold increase in VAERS reports

associated with the ‘new’ pandemic A-H1N1 vaccine;

however, no such increase was found. This independent

AE control group confirms that most of the observed

7.7-fold (170 A-H1N1 fetal-loss reports/22 TIV fetal-

loss reports) increase in fetal-loss reports associated

with the administration of the 2009 A-H1N1 vaccine

appears to be attributable to some type of toxicity effect

rather than a ‘new vaccine’ Weber-like reporting effect.

When one or more Thimerosal-containing vaccines,

including some formulations of the seasonal TIV and

pandemic monovalent A-H1N1 vaccines are adminis-

tered to a pregnant woman, the fetus is also indirectly

exposed to mercury. In the following paragraphs, sev-

eral peer-reviewed publications highlight the concerns

that this mercury exposure poses.

A study using rabbits injected with Thimerosal-

containing radioactive mercury showed that from 1-h

post-injection to 6 h, the level of radioactive mercury

in the blood dropped over 75% while from 2 h post-

injection to 6 h, there were significantly increased

radioactivity levels in the fetal brain, liver, and kid-

ney.25 Thus, the rapid drop in blood mercury levels

from Thimerosal injection is due to uptake by other

organs of the body and not due to excretion.26 There-

fore, the implications by others of Thimerosal’s safety

based on shorter blood level half-lives27 suffers from

lack of a circumspect view regarding this process.

The linkage between Thimerosal and neurodevelop-

mental disorders is a concern because several studies

have shown that children with autistic spectrum disor-

ders (ASDs) have higher levels of mercury body burden

than typically developing children.28–33 In addition,

there is a positive correlation between mercury body

burden and severity of ASD symptoms.34–36 Direct

measurement of injury in the brains of children with

ASD reinforce this finding; there is a significant dose-

dependent positive correlation between oxidative stress

markers (evidence of brain injury) and mercury levels in

the brains of children with ASD.37

The amount of mercury that accumulates in any

given fetus and the severity of its impact depend upon

several factors in addition to the maternal mercury

exposure due to injected Thimerosal-containing inac-

tivated influenza vaccines. Dental amalgams in preg-

nant women contribute to increased mercury burden

in the developing fetus and newborn.38–40 Also, the

maternal–fetal genetic background can modulate fetal

exposure to mercury; thus, certain gene variants influ-

ence mercury toxicokinetics causing the variable sus-

ceptibility that is observed with respect to mercury

toxicity.41 This variation in genetic susceptibility,

combined with factors of diet and antibiotic use,

can synergistically enhance mercury toxicity42 and

effectively preclude establishment of a safe mercury

dosing level for all individuals. Moreover, the

0.1 mcg/kg/day reference dose that the Environmental

Protection Agency (EPA) established as safe based on

oral ingestion of mercury is not applicable for injected

Thimerosal via vaccination since injection bypasses

the absorption protection provided by the gastrointest-

inal system (which is also apparently dependent on the

manner in which the fish or other mercury-containing

food is prepared).43 thereby delivering more of the

toxic dose of mercury administered into the body.

Finally, Thimerosal has been found to be toxic at

very low levels. For example, Parran et al. examined

the effects of Thimerosal on cell death in a human neu-

roblastoma cell line. Following 48 h of a single dose of

4.35 nanomolar Thimerosal (or about 0.87 mcg/kg of

mercury) over 50% of cells were dead.44

Thus, it is biologically plausible that during the two-

vaccine 2009/2010 influenza season, when pregnant

women were administered two Thimerosal-containing
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influenza vaccines each delivering 50 mcg of Thimer-

osal (or 25 mcg of mercury per dose), the fetus’ mer-

cury dose exceeded the EPAs reference dose (0.1

mcg of mercury/kg/day). This overexposure could be

a significant contributing factor to some of the reported

SABs and SBs. Moreover, the mercury in injected

Thimerosal-containing vaccine doses has been found

to preferentially bioaccumulate in the fetal tissues.25

Table 6 demonstrates that depending upon the gesta-

tional age, the safety level of mercury (as specified

by the EPA’s reference dose) may be exceeded by sev-

eral thousand fold for an early developing fetus during

the first trimester to a factor of just over 1 at full-term –

even for a single reduced Thimerosal vaccine dose pre-

suming only 50% of the mercury (0.5 mcg) bioaccu-

mulates in the fetus (Table 6, fourth column labeled

‘1 mcg of Hg in the vaccine dose’).

Recent studies have similarly described biologi-

cally plausible mechanisms associated with the syner-

gistic toxicity associated with multiple vaccine doses

administered to children aged <1 year.48,49

The bias in reporting of fetal loss by older women

may be due, in part, to this cohort’s previous experi-

ence with one or more normal pregnancies, free from

maternal complications when they did not receive an

influenza vaccine during pregnancy, and thus, having

more birthing experience than younger, first-time

pregnant women. Also, this cohort may have a higher

body burden of mercury from the bioaccumulation of

mercury from dental amalgams, diet, prior doses of

Thimerosal-containing vaccines, and other drugs.

The Internet survey was self-administered, thus, the

responses are subject to reporting error since pregnancy

and vaccination status were not validated by a medical

record review. There may also be selection bias since

women without Internet access would be excluded from

referencing the Public Service announcement (and the

survey). Nevertheless, Internet panels have been useful

as surveillance data sources for postseason evaluation of

influenza vaccination among pregnant women.19

Conclusion

The 1.8-fold increase in female AEs reports to VAERS

following administration of pandemic A-H1N1 vaccine

relative to seasonal TIV in the 2009/2010 influenza sea-

son is too small of a Weber-like increased reporting

effect to account for the more than 40-fold increase in

fetal-loss reports. Thus, the concomitant administration

of the seasonal influenza and pandemic A-H1N1 vac-

cines during 2009/2010 suggests a synergistic toxicity

and a statistically significant higher rate of fetal loss

reporting relative to the single-dose seasons. When cap-

ture–recapture is applied to the two-vaccine 2009/2010

Table 6. Gestational age, mean weight, and multiple of the EPA’s RfD using 50% exposure.

Trimester
Gestational age

in weeks
Mean weight

(kg)a

Multiple of the EPA’s RfDb based on

1 mcg of Hg in the
vaccine dosec

25 mcg of Hg in
the vaccine dosec

First trimester �8 �0.001 �5000 �125,000
9 0.002 2500 62,500

10 0.004 1250 31,300
11 0.007 710 17,900
12 0.014 360 8900
13 0.023 220 5400

Second trimester 14 0.043 120 2900
15 0.070 70 1800
16 0.100 50 1250
27 0.875 5.7 140

Third trimester 28 1.01 5.0 124
29 1.15 4.3 109
30 1.32 3.8 95
42 3.69 1.4 34

EPA: Environmental Protection Agency’s; RfD: reference dose.
aMean weights 8-16 weeks45 and 27-42 weeks.46

bOral RfD ¼ 0.0001 mg/kg/day (or 0.1 mcg/kg/day) for ingested mercury presumably from ‘methylmercury species.’47

cMultiple of EPA’s RfD based on 50% exposure¼ (0.50 � V/W)/0.1 mcg/kg; where V¼micrograms (mcg) of mercury (Hg) in the vaccine
dose and W ¼ mean weight of fetus in kilograms (kg).
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influenza season, the ascertainment-corrected reports

yield anestimated rate of590 fetal-loss reports per 1 mil-

lion pregnant women vaccinated (or 1 per 1695). With-

out additional ascertainment sources, it was not possible

to determine the reporting completeness of fetal losses

associated with the 2008/2009 and 2010/2011 seasons.

The VAERS rates of 6.8 and 12.6 fetal-loss reports

per million women vaccinated for those single-

vaccine seasons may provide health care professionals

with a sense that influenza vaccines administered during

pregnancy are relatively safe, when, in reality, these

rates merely reflect the low level of case ascertainment

associated with VAERS and thus, grossly underestimate

the true rates encountered in the US population. Just

because a single vaccine has been tested and considered

safe does not imply there will not be a synergistic fetal

toxicity effect associated with the administration of two

or more Thimerosal-containing vaccines to a pregnant

women and/or a synergistic toxicity effect from the

combination of the biologically active components con-

tained in concomitantly administered vaccines.

In addition, because of the order of magnitude

increase in fetal-loss report rates, from 6.8 fetal-loss

reports per million pregnant women vaccinated in the

single-dose 2008/2009 season to 77.8 in the two-dose

2009/2010 season, further long-term studies are needed

to assess adverse outcomes in the surviving children.

Additional research concerning potential synergistic

risk factors associated with the administration of

Thimerosal-containing vaccines is warranted, and the

exposure-effect association should be verified in fur-

ther toxicological and case–control studies.
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demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.
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Mercury (Hg) exposure is ubiquitous in modern society via vaccines, fish/
crustacea, dental amalgam, food, water, and the atmosphere. This article
examines Hg exposure in the context of primary exposure to pregnant women
and secondary exposure experienced by their unborn babies. Babies in utero are
particularly at risk of higher Hg exposure than adults (on a dose/weight basis
through maternal Hg transfer via the placenta), and are more susceptible to
adverse effects from mercury and its biologically active compounds. It is,
therefore, critical that regulatory advisories around maximum safe Hg exposures
account for pregnant women and secondary exposure that children in utero
experience. This study focused on standardized embryonic and fetal Hg exposures
via primary exposure to the pregnant mother of two common Hg sources (dietary
fish and parenteral vaccines). Data demonstrated that Hg exposures, particularly
during the first trimester of pregnancy, at well-established dose/weight ratios
produced severe damage to humans including death. In light of research
suggestive of a mercuric risk factor for childhood conditions such as tic disorders,
cerebral palsy, and autism, it is essential that Hg advisories account for secondary
prenatal human exposures.

Keywords: mercury; pregnancy; fetus; placental transfer; mercury in fish; vaccines

Introduction

Mercury (Hg) and its various biologically and environmentally active compounds have a
diverse global distribution and enter the environment, food chain, and drinking water
from a number of dispersed sources which result in dangerous health associations for
humans and adverse impacts on flora and fauna in a contaminated environment. The aim
of this study, therefore, was to critically examine the most significant human Hg exposures
in Australia; specifically those derived from consumption of freshwater fish (methylmer-
cury) and vaccine preservatives (ethylmercury) in the context of maternal transfer of that
Hg via the placenta to the developing child.

Mercury is the only naturally occurring element existing in liquid form at normal
temperatures and pressures. It has a high vapor pressure (0.17 Pa at 20�C), readily
evaporating at ambient temperatures with 30% of its mass evaporating at 20�C and
480% at 60�C (Hellings 2009). Mercury vapor is heavier than air, flows down-slope in
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highly contaminated areas when wind circulation is moderate or absent, and collects in low
points. Mercury vapor condenses back to elemental (liquid) Hg under normal atmospheric
conditions prevailing on earth thus completing the entire Hg cycle in the environment.
Elemental Hg has a high density of 13.5 kgL�1.

Mercury (in its common forms) is extensively distributed throughout the earth,
occurring naturally in volcanic emissions from terrestrial and undersea volcanoes, of
which the latter forms 85% of all active volcanoes on earth (Plimer 2009). Mercury occurs
in ore bodies as several minerals but predominantly as cinnabar; a mercuric sulfide (HgS).
Atmospheric transport of Hg is a global phenomenon and results in an average
atmospheric concentration of 1.5–4 ngm�3 (northern hemisphere) (Parsons and Percival
2005; Lippmann 2009).

Anthropogenic uses of Hg arise from the mining and reworking of naturally occurring
Hg deposits or, indirectly, from the processing of materials in which the metal occurs
naturally in trace amounts (e.g., coal burning). Mercury is extensively used in various
industries as a primarymaterial including automotive (e.g., sensors and switches for antiskid
safety systems), chemical and petrochemical (e.g., as catalysts and process materials),
electronics (e.g., in industrial, street, high efficiency domestic lighting and electronic
components), in dentistry (as amalgam fillings), in instruments (e.g., thermometers and
barometers), and pharmaceutical industries (mostly as a preservative and antimicrobial).

Mercury in many of its different forms occurs ubiquitously across the planet
throughout the environment from fugitive natural and anthropogenic sources. Of most
concern internationally is the fact that Hg is widely distributed throughout our food chain,
air, water, and land at levels that were found toxic to flora and fauna and, in some
instances, to humans (Amin-Zaki et al. 1978; Ratcliffe, Swanson, and Fischer 1996; Sweet
and Zelikoff 2001; Counter et al. 2002). Mercury is a Category A Prescribed Industrial
Waste, an ecotoxic waste, a poisonous (acute) waste, a toxic (chronic) reproductive waste,
a neurotoxin, and is classified under the Australian Dangerous Goods Code as a Class 6.1
(Toxic) and Class 8 (Corrosive) Substance.

Elemental Hg in liquid and gaseous forms is a highly toxic substance affecting various
human organs including brain, central nervous system (CNS), liver, and kidneys. It has
also been shown to be corrosive to the renal proximal tubuli, and other human cells and
organs (Nordberg et al. 2007). When combined with short chain alkyl groups (methyl- and
ethyl-), it forms compounds that are both highly neurotoxic and readily absorbed in
biological systems (Amin-Zaki et al. 1978; Ratcliffe, Swanson, and Fischer 1996; Counter
et al. 2002; Nordberg et al. 2007; Lippmann 2009). When elemental or inorganic Hg is
present in the environment it is converted to methylmercury (MeHg) and ethylmercury
(EtHg) by various aerobic and anaerobic processes and bioaccumulates up the food chain
(Nordberg et al. 2007; Mao et al. 2010).

Mercury, human toxicity, and the prenatal period

At a human cellular level, mercury in all its forms (ionic Hg2þ and Hgþ (Hg2þ2 ); vapor Hg0

and organic alkyl forms MeHgþ, Me2Hg, EtHgþ, and Et2Hg) exerts demonstrable potent
neurotoxicity for the human brain and particularly for the human fetal brain (Nordberg
et al. 2007; Lippmann 2009). Mercury’s strong affinity for sulfur and sulfydryl functional
groups in biological molecules in membranes and enzymes interferes with their structure,
function, and activity, and it is these complex binding interactions which give rise to
toxicological properties of Hg compounds in mammalian organisms (Nordberg
et al. 2007).

2 I.A. Brown and D.W. Austin
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On the basis of Hg exposure and prenatal human (embryo/fetus), one of the particular
concerns resulting from total dietary Hg intake is that small children, on a body weight
basis, may receive a higher Hg exposure compared to adults (Lippmann 2009). Data
documenting the impact of Hg exposure on humans are well-established (Ratcliffe,
Swanson, and Fischer 1996; Sweet and Zelikoff 2001) and provides comprehensive
evidence for detrimental effects that all forms of Hg exert on human fetal development.
The direct causal link between cerebral palsy and Hg exposure to the developing human
fetus was first established in 1971 by the Swedish Expert Group (Swedish Expert Group
1971) and more recently by others (Nordberg et al. 2007; Lippmann 2009; Tomljenovic,
Dorea, and Shaw 2012).

Further, the United Nations Environment Program (UNEP DTIE 2008) Inter-
Organization Program for the Sound Management of Chemicals (IOMC) and World
Health Organization (WHO) document, ‘‘Guidance for Identifying Populations at Risk
fromMercury Exposure,’’ 2008 states that the CNS, kidneys, and cardiovascular system are
the primary targets for Hg compounds-induced toxicity and that other affected systemsmay
include respiratory, gastrointestinal, hematologic, immune, and reproductive systems. For a
fetus, Hg brain levels may be significantly higher than inmaternal blood; and the developing
fetus CNS demonstrates the greatest sensitivity to Hg toxicity and is considered to be the
main system of concern. Verstraeten et al. (2003) identified Hg exposure during early
development to be associated with tic disorders (and possibly conditions falling within the
definition of autism spectrum disorder (Bernard et al. 2001; Austin 2008; Leslie and Koger
2012; Tomljenovic, Dorea, and Shaw 2012) with genetic variables perhaps acting as
mediators in this latter association (Leslie and Koger 2011; Shandley and Austin 2011).

Mercury in freshwater fish and crustacea

At the 10th International Conference on Mercury as an Environmental Pollutant (2011) held
in Halifax, Nova Scotia, Canada, the overwhelming consensus of scientists presenting
papers at this conference was that the maximum level of Hg in fish and crustacea should
not exceed 0.3mg kg�1 (w/w) (Burger et al. 2003). This level is less than a third of the
current maximum ‘‘mercury in fish’’ advisories adopted by many western regulators,
including Australia where it is currently stated to be either 0.5mg kg�1 Hg (w/w) or
1mgkg�1 Hg (w/w) (Food Standards ASNZ 1.4.1 2011). It should be noted that while
Food Standards Australia New Zealand (2011) Standard 1.4.1 states the maximum Hg in
fish should not exceed 0.5mg kg�1 Hg, this lower limit, however, applies only to
appropriately sampled commercial marine fishing lots. The higher limit of 1mgkg�1 Hg
(w/w) applies to specific named marine species, to fish lots where there are insufficient
numbers of fish to follow the required sampling regime, and to all freshwater fish not
subject to commercial practices (e.g., those freshwater species caught and eaten by
recreational anglers). Further, despite the latest recommendations for reduction of
maximum ‘‘safe’’ Hg limits, there is growing support for the view ‘‘there is no safe level of
mercury for the most vulnerable groups in the community’’ which includes pregnant
women, their unborn babies, infants, and children less than 10 years (USEPA 2009).

In Australia, almost 33% of the entire continental land surface has been subjected to
all forms of gold mining since early 1850s (GeoScience Australia 2011). Since elemental
(liquid) Hg was extensively used for fine gold recovery on every goldfield in Australia up to
the time Hg was eventually banned (ca early 1960s), there exists the likelihood that
extensive Hg contamination occurs throughout all historical gold mining areas. Due to the

Toxicological & Environmental Chemistry 3
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extent of Hg contamination across Australia the greatest likelihood of exposure to a
population comes from contaminated freshwater sources derived from historical mining
sites and from eating freshwater fish and crustacea living in these lakes, rivers and streams,
or by drinking these waters during peak flows when sediment levels are highest, rather
than from absorption of atmospherically distributed Hg or consumption of marine species.
Freshwater fish, crustacea, and water in specific catchments were found to be contam-
inated by Hg to levels that frequently exceed National Regulatory Water and Food
Standards and, in cases, up to several 10-fold greater than the maximum Hg limit
(Ealey et al. 1978; McCredie 1982; Sutherland, Bell, and Bacher 1984; Jackson 1997;
CSIRO 1998).

Burger and Gochfield (2012) stated another important determination that affects risk
of a contaminant allowed by the US Clean Water Act is ‘‘Total Maximum Daily Load,’’
which represents the maximum amount of a pollutant that a body of water can receive and
still meet water-quality standards. In the US, most states have adopted a ‘‘mercury
freshwater quality standard of 0.3 ppm (0.3mg kg�1 (w/w)) methylmercury in fish.’’ Some
states (Minnesota and Maine) adopted a more stringent standard of 0.2mg kg�1

(0.2 mg g�1). Burger and Gochfield (2012) also indicated that these lower levels were set
as a consequence of the important fact that levels of Hg in water do not relate directly to
the levels of Hg in fish, and it is the levels of Hg in fish that are the crucial end point in
terms of Hg risk. In addition, when fish Hg levels exceed the water-quality standard, the
(US) Clean Water Act requires the calculation of how much Hg loading must be reduced.

Clearly, Food Standards ASNZ Standard 1.4.1 (2011) is not fully cognizant with
‘‘International Best Practice’’ and current scientific understanding of maximum levels of
Hg in freshwater fish. The total Hg present in a single, ‘‘standard’’ 150 g portion of fish
containing Hg at the maximum advisory of 1mg kg�1 Hg (w/w) is 150 mg. Mercury in fish
and crustacea is present essentially wholly (495%) as MeHg (Parsons and Percival 2005;
FAO/WHO 2011). Mercury present in Australian drinking water is usually low (0.001–
0.005mgL�1) but under Australian Drinking Water Guidelines, ADWG, Hg content is
permitted to be as high as 1 mgL�1 (NHMRC ADWG 2011). It is appropriate, therefore,
to examine total Hg intake of three female family members to determine what a ‘‘typical
daily intake’’ would be for each female by comparing their individual Hg intake after
consumption of a ‘‘single normal portion’’ or a ‘‘single standard portion’’ (as defined by
Australian Hg in fish advisories) of, for example, freshwater trout containing Hg at the
maximum limit of 1mgkg�1 Hg (w/w).

Our typical scenario is based on a popular Victorian summer camping location where
several thousand campers (mostly families) stay each summer. These camping locations
are spread out along the Upper Goulburn River (UGR) between Jamison and Woods
Point, in designated Parks Victoria Camping Areas, or in specific camping locations
around the shoreline of Lake Eildon (LE). Normal camping activities in this area include
drinking the UGR water when camped along the river (the only locally available drinking
water in these parks along the river) and fresh-water fishing in this river, its nearby
tributaries (Gaffney’s & Raspberry Creeks), and in LE; the main reason campers usually
visit these holiday locations. It is acknowledged that a small number of campers may bring
drinking water from their homes for camping purposes but this is the exception, in our
experience, of campers in this area, as most choose to drink the water direct from the river
or lake. The UGR area holds the status of being one of Victoria’s most ‘‘pristine’’ camping
localities.

The main fish species likely to be angled in these waters are brown trout (Salmo trutta),
rainbow trout (Oncorhynchus mykiss), redfin (Perca fluviatilis), carp (Cyprinus carpio), and

4 I.A. Brown and D.W. Austin
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spiny freshwater crayfish (Euastacus armatus), (LE and UGR) plus Murray cod
(Maccullochella peelii) and silver perch (Bidyanus bidyanus) (LE). It is important to note
that each of the named species taken from these waters, and in instances including the
water itself, was analyzed for Hg and exceeded maximum Hg health limits on various
occasions (Ealey et al. 1978; McCredie 1982; Sutherland, Bell, and Bacher 1984), and in
more recent investigations conducted since then (Hg Recoveries PL, Victorian Stream
Surveys 2010–2012 unpublished; Jackson 1997). The details and MeHg intake for each
family member following consuming a single fish portion containing Hg at 1mg kg�1 Hg
(w/w) and individual USEPA Daily MeHg reference dose (RfD) exceedances resulting
from that consumption are shown in Table 1.

It must also be remembered that most, if not all, official fish advisories (e.g., USA,
Europe, and Australia) state it is ‘‘safe’’ for a ‘‘standard fish portion’’ to be consumed once
or twice per week for MeHg levels up to maximum advisory levels. Often a fish advisory is
much less precise, wherein it is simply stated ‘‘up to a few standard portions per week’’ can
be safely consumed. Of much greater concern for the ‘‘most at risk groups in a
community’’ (i.e., pregnant women, their unborn babies, infants, and young children less
than 10), it is implied that it is ‘‘safe’’ for all people to consume such Hg contaminated fish.

Our above analysis and those that follow clearly demonstrate that present fish
advisories relating to consumption of MeHg contaminated fish are inadequate and do not
offer the protection that is implied by following such advisories, nor does that of following
the USEPA RfD limit of 0.1 mg MeHg per kg b.wt per person per day, when this maximum
daily limit is applied to the recommended fish advisories. Of even greater concern is the
absolute quantity of Hg transferred from the mother through the placenta to her
developing embryo/fetus and the attendant impact this may exert for each additional
occasion the mother consumes a portion of Hg contaminated fish during the same
pregnancy.

Methylmercury’s biogeochemistry is well-understood; however, there is now increasing
evidence that EtHg too, follows similar biogeochemical processes and that this compound
also accumulates up the food chain. Monoethylmercury was identified in Florida
Everglades soils in 2010 (Mao et al. 2010), and this fact adds substantially to the
understanding of EtHg biogeochemistry and how it gets into the environment when
different forms of Hg are present. It also provides for a direct comparison with the process

Table 1. Hg intake and consequential USEPA MeHg RfD exceedances/female (kg b.wt.)/
portion/day.

Family
member

Weight
(kg)

Age
(year)

Fish portion (g)
Hg intake/
portion (mg)

USEPA RfD MeHg.d

Exceedencesc

Nor.a Std.a Nor. Std. Nor. Std.

Mother 65 39 200 150 200 150 X 31 X 23
Daughter 22 5 100 150b 100 150b X 45 X 68b

Sister 45 12 200 150 200 150 X 44 X 33

Notes: aNor. – normal or typical; Std. – standard fish portions (as defined in advisories).
bThis exceedance corresponds to the added daily risk a child would experience following consuming
a single ‘‘standard 150 g fish portion.’’
cExceedances are the total daily MeHg intake (per kg b.wt per person per day) expressed as a
multiple of the USEPA RfD MeHg maximum Daily Limit (Lippmann 2009).
dUSEPA daily RfD is 0.1 mg MeHg per kg b.wt per day.

Toxicological & Environmental Chemistry 5
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of MeHg bioaccumulation in the food chain and this is a likely consequence for EtHg
compounds. It is thus pertinent to modern studies dealing with the elucidation of the
biogeochemistry of EtHg to comment on an observation made by the authors of a 1978
paper investigating the extent of Hg pollution from historic gold mining activities existing
in the UGR Catchment, Victoria, Australia during the analysis of stream sediments, water,
fish, invertebrates, and aquatic plants for MeHg and total Hg. Following acid digestion of
freshwater fish and invertebrates with gas chromatographic identification of the
components present (extracted as their chlorides) Ealey et al. (1978) stated without
further qualification that ‘‘the ethylmercury peak elutes 1–3mm after methylmercury
peak.’’

The interesting conclusions drawn from this experimental observation are as follows:

(1) There is the possibility that EtHg not only forms under the same environmental
conditions as MeHg, but that it also bioaccumulates up the food chain, since its
presence and detection resulted from analyses of freshwater fish collected from this
Hg-contaminated catchment, at that time.

It is possible that either no one had previously looked for this compound,
had not identified it, or was not interested in it to the same degree as MeHg.
Alternatively, the analytical procedures used prior to this investigation may not
have been sensitive enough to have detected the presence of monoethylmercury.

(2) Ethylmercury compounds have always been present in the environment as a direct
consequence of microbiological interactions with inorganic or elemental Hg, as has
MeHg. This is highly likely but requires confirmatory study.

Mercury in vaccines

According to the Immunise Australia Website and the Australian Government Health
Information telephone enquiry line (Personal Inquiry June 2011), a phase-out of Hg
preservative in vaccines for babies and children began in Australia sometime between 2000
and 2008. There was no immediate cessation of supply of Hg-preserved vaccines during this
period, and no government requirement for suppliers to do so, as pharmaceutical companies
manufacturing (or supplying) vaccines into the Australian market were allowed to
progressively run down their existing stocks. A similar process was followed in the US.

Thimerosal (Thiomersal) or sodium ethylmercuric thiosalicylate (SEMT) was the
preservative of choice in childhood vaccines prior to the commencement of progressive
depletion of existing stocks. SEMT was in use as a vaccine preservative since the mid-1930s
and remains a common preservative in vaccines today, in particular, those designed for
administration to adults including influenza vaccines (Table 2). It is also the preservative
employed in a multi-dose influenza vaccine to be used as a first response during an influenza
pandemic. Although theUnitedNations Environment Program is considering a draft global
treaty mandating the elimination of Hg preservatives from all vaccines (UNEP 2011), and
especially those that are employed in pregnant women, infants, and young children less than
10 years of age, Hg preservatives remain in use in various vaccines in 2012.

Influenza vaccine is generally administered to greater numbers of people at much
greater frequencies (at least annually) compared to other Hg-preserved vaccines, due to the
cyclical recurrence of influenza in the community each year. It is also important to note
that this vaccine is particularly recommended for, and promoted to, pregnant women.
In addition, current Australian Government Health Department Vaccination Schedules
(as in May 2012) prescribes a course of four influenza injections for an infant not
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previously inoculated against influenza, commencing at age two months and spanning the
first year of life. It should be noted that preserved influenza vaccines containing a smaller
level of SEMT are available for administration to infants but these do not appear to be
listed on the Immunise Australia Website.

SEMT (trade names Merthiolate, Thimerosal, Thiomersal) is 49.57% Hg (by weight)
and, therefore, 0.05mg SEMT in a 0.5mL vaccine dose (as in a standard preserved multi-
dose influenza vaccine) contains 24.8 mg Hg. The absolute quantity of Hg preservative in
vaccines prior to, and including 2000, in Australia varied between 25 and 50 mg SEMT per
0.5mL dose, and this was the dose that babies, young children (510 years), and adults
(including pregnant women) routinely received with each vaccination. This was equivalent
to 12.5–25 mg Hg per 0.5mL dose, respectively. Of the current vaccines listed in Table 2,
(and rounded to the nearest mg), four of seven vaccines contain 25 mg of Hg per 0.5mL
dose; one contains 17 mg, and the remaining two are not sufficiently quantified by the
manufacturers to make a definitive statement.

On the question of the toxicity of ethylmercury compounds

The toxicity of MeHg compounds to mammalian life is well-established; however, the
toxicity of EtHg is less well-understood. Nevertheless, there is compelling evidence to
support the conclusion that EtHg compounds in human fetuses, children, and adults even
though the half-life is less than that of MeHg, produce adverse effects (Fagan et al. 1977;
Nordberg et al. 2007; Mutter and Yeter 2008; Lippmann 2009; Sulkowski et al. 2011;
Sharpe, Livingston, and Baskin 2012; Tomljenovic, Dorea, and Shaw 2012). Despite the
shorter half-life in biological systems the metabolites from EtHg may be MeHg, Hg vapor

Table 2. Vaccines containing mercury preservative in Australia.a

Disease Vaccine Manufacturer/Distributor Thiomersal/Vaccine dose

Hepatitis B: Engerix-Bb GlaxoSmithKline 52 mgmL�1 Thiomersal
Equiv. Hg conc.c 51 mg/0.5mL

Influenza: Fluad Delpharm Consultants 0.05mg/0.5mL Thiomersal
Equiv. Hg conc. 24.8 mg/0.5mL

Fluarix (GalxoSmithKline) Traces of Thiomersald

Equiv. Hg conc. Traces of Thiomersald

Panvaxe,f CSL Biotherapies 0.05mg/0.5mL Thiomersal
Equiv. Hg conc. 24.8 mg/0.5mL

Japanese encephalitis: Je-Rix Sanofi Pasteur 0.007% Thiomersal (m v�1)g

Equivalent to 0.07mg/1.0mL Thiomersal
Equiv. Hg conc. 17.35 mg/0.5mL

Q-Fever Q-Max CSL Biotherapies 0.01% (mv�1) Thiomersal
Equivalent to 0.05mg/0.5mL Thiomersal
Equiv. Hg conc. 24.8 mg/0.5mL

Q-Fever Q-Max: CSL Biotherapies 0.05mg/0.5mL Thiomersal
Skin test Equiv. Hg conc. 24.8 mg/0.5mL

Notes: aThe Australian Government Department of Health and Ageing (2008), as in May 2012.
bA mercury-free vaccine is available.
cEquivalent weight of mercury per 0.5mL dose of preserved vaccines.
d‘‘Trace’’ is not quantified by the manufacturer.
eA single-dose mercury-free Panvax vaccine is available.
fCSL Ltd PANVAX Product pdf, December 2009; a multi-dose pandemic flu vaccine.
gUnits of Thiomersal concentration are not stated; presumed to be (m v�1).
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(Hg0Vap), and inorganic mercuric ion (Hg2þ), which are then available via methylation and

demethylation reactions to recommence the various modes and routes of Hg toxicity that

these compounds undergo in the human body (Nordberg et al. 2007). The phenomenon of

Hg ability to transform backwards and forwards into all of its multiple chemical states

within biological systems (e.g., human fetus, children, and adults alike), no matter what its

initial chemical form, is what both characterizes and underscores Hg-induced toxicity to

all mammalian life.
While there are limited data available which suggest a safe level of EtHg exposure, both

MeHg- and EtHg compounds are structurally similar and have similar modes of adversely

impacting human critical organs and disrupting essential biological transport functions in

cells, which then result in similar toxicities to the target organs or cells (Nordberg et al.

2007; Lippmann 2009; Sharpe, Livingston, and Baskin 2012). There is also increasing

experimental evidence which identifies EtHg compounds as displaying neurotoxic

properties in biological systems and behaving in an analogous manner to MeHg

compounds (Nordberg et al. 2007; Lippmann 2009). Although the uptake of EtHg in the

brain does suggest active transport, not all transporters have so far been positively

identified, or Hg transferred by them quantified (Nordberg et al. 2007). Magos (2001)

reported that clinical signs and symptoms of EtHg poisoning are similar to those for

MeHg poisoning, including dysarthria, ataxia, constricted visual fields and paresthesias,

and that brain pathology is also similar. He also reported that results from animal studies

were consistent with clinical observations.
Ethylmercury characteristics of having a high solubility in lipids (Nordberg et al. 2007)

and propensity to accumulate in biological systems (Lippmann 2009) means it is at least as

mobile through this medium as MeHg despite having a shorter half-life and despite

MeHg’s aqueous transport capability, and may cross cell membranes and the blood-brain

barrier just as readily, if not more so, than MeHg thus reducing the capacity of the body’s

natural defense mechanisms to mercury-induced damage. Ethylmercury resonance time in

the body and particularly in a fetus, while shorter than MeHg may, nevertheless, be

comparable to that of MeHg and therefore be significant. If this situation is experimentally

confirmed it would, accordingly, warrant a great deal of concern for the continued use of

SEMT as a preservative in human vaccines. Three recent clinical investigations established

that Thimerosal produced irreversible disruption to mitochondrial function by inhibiting

mitochondrial respiration in human astrocytes and irreversible damage to mitochondrial

DNA by generation of specific oxidants; superoxide, hydrogen peroxide, and Fenton/

Haber-Weiss generated hydroxyl radicals (Sharpe, Livingston, and Baskin 2012), lasting

impairment of brain monoaminergic system in rat pups resulting in development disorders

(Ida-Eto et al. 2012), and impacts to thyroid hormone-dependent gene expression in the

cerebellum (Khan et al. 2012). Thus, a clinical basis for the cause of irreversible damage

from exposure to Thimerosal (SEMT) in a developing fetus leading to postnatal

developmental problems was demonstrated and has most concerning effect on human

astrocytes. Accordingly, SEMT or Thimerosal is no longer considered as ‘‘safe’’ for use in

vaccines for the ‘‘most at risk group in a community.’’ When all of the observations

pertaining to EtHg reactions and pathways and their undeniable similarities to their MeHg

analogs are considered, there appears to be no scientific basis for continued claims that

EtHg compounds are ‘‘safe’’ (Pichichero et al. 2002, 2008). Taking this into account, and

the uncertainties surrounding EtHg placental transfer rates and toxicity to a developing

fetus, it is possible that EtHg is at least as toxic as MeHg. Accordingly, our analyses did

not distinguish between EtHg and MeHg and assumed equivalent human toxicities.
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Method

To examine Hg exposures and their relative dose/weight ratios across the gestational
period of the human infant, a group of pregnant women carrying individual fetuses of 1, 2,

4, 8, 12 16, 20, 24, 28, 32, 36, and 38 weeks old was considered, where each mother was

exposed to Hg via either (1) consumption of a single ‘‘standard 150 g portion of fish’’

containing Hg at the maximum Australian advisory level of 1mg kg�1 (w/w), or, (2) a
single Hg-preserved influenza vaccination during their pregnancy.

Although it is possible an adult and an infant 2 months – 53 years, receiving their first

inoculation, could receive two or more influenza vaccine doses in a year, our hypothetical

scenario only considers the typical case where a single dose is administered to each
pregnant woman. It is important to note that our primary exposure estimates are likely to

be underestimates as one does not attempt to quantify other concurrent primary maternal

Hg exposures through sources such as whole diet, dental amalgam, the atmosphere, and

other vaccines. Equally, for simplicity in our discussion, one does not consider the likely
situation that a pregnant woman could eat more than one single standard fish portion

contaminated at the maximum permitted limit (i.e., 1mg kg�1 Hg (w/w)), throughout the

gestation period. Obviously, doing so would increase the total Hg intake to the pregnant

mother and, therefore, elevate Hg exposure to a developing fetus during the gestation
period, in proportion to the number of additional portions consumed.

Similarly, it also needs to be realized that consumption of contaminated fish portions

containing Hg levels below the maximum limit more frequently than our hypothetical

‘‘once only scenario’’ during gestation may exert an additive effect on total Hg body-burden
of the pregnant mother, and, as a consequence, of total Hg actually crossing the placenta,

which then impacts a developing fetus. This is a real likelihood for a pregnant female and

her developing fetus given the elimination half-lives reported for Hg since they are quite

variable for different organs; typically of the order of 3 –4 60 days for liver, kidneys, and
CNS, and of the order of 2–5þ years for the fetal brain (Nordberg et al. 2007).

Given such long elimination half-lives there is the distinct possibility that Hg

accumulation occurs after repeated exposures over a consumption frequency that is

significantly less than the stated Hg elimination rates (Nordberg et al. 2007). Further, that
Hg (as vapor, Hg2þ, and MeHg) administered to a pregnant female crosses through the

placenta in all forms administered, but to varying extents, which then impacts the

developing fetus, was confirmed by numerous animal studies (involving primates, rats,

mice, rabbits, and hamsters) and in a number of limited cases human female/fetus pair
exposures where this study was possible (Ask et al. 2002; Stern and Smith 2003).

Less research data investigating, and actually quantifying, the amount of Hg crossing

the placenta compared to exposures the pregnant female receives are available. Dock,

Rissanen, and Vahter (1994) quantified this aspect of maternal/placental transfer of Hg
using Syrian golden hamsters. Data supported the validity of our chosen scenarios presented

in the following sections. In our analyses a statistical average female weight of 65 kg, was

assumed however, this is not a critical variable as it does not impact predictably on fetal Hg
exposure. Ultimately, it is not the case that heavier women retain more, and lighter women

retain less Hg as the primary variable impacting Hg metabolism is an individual’s own

genetics, metabolism, exposure histories, and susceptibilities, which vary markedly from

person to person regardless of recipient body weight (Nordberg et al. 2007).
To simplify our discussion (and to be conservative) one needs to consider only three Hg

exposure scenarios: (1) 100% Hg present in a vaccine or consumed fish crosses the

placenta; (2) 10% Hg present in a vaccine or consumed fish crosses the placenta; and
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(3) where only 1% Hg crosses the placenta. These three scenarios were selected to cover the
complete range of likelihoods for passage of Hg directly from mother through the placenta
to the developing embryo/fetus because investigators have not yet positively identified all
of the transporting mechanisms carrying Hg across the placenta nor has the maximum
possible amount of Hg associated with these processes been satisfactorily quantified. Thus,
there still remains much uncertainty surrounding placental Hg transport, and its
quantification, following each Hg exposure to the pregnant mother. Despite the above
uncertainty, there is, nevertheless, sufficient experimental evidence confirming that Hg
transfer across the placenta does occur and that fetal organs are adversely affected by this
transfer, as established in animal and limited human fetal studies referred to in this article.

Results

Table 3 shows the effective concentration of Hg in mg kg�1 available to impact a fetus,
corrected for fetal body weight, following a single fish consumption event or single
vaccination throughout the gestation period. Graphical representation of the data is

Table 3. Fetal mercury exposure (mg kg�1) throughout gestation as a function of fish consumption
and maternal influenza vaccine administration.

Single 150 g standard fish
portion consumptionh Single flu vaccination

Fetal Fetal Hg exposure (mg kg�1) Fetal Hg exposure (mg kg�1)

Age Length Weight

Hypothetical placental
elimination

Hypothetical placental
elimination

(week) (mm) (g) @0%b @90%c @99%d @0%e @90%f @99%g

1 1a 0.025a 6,000,000 600,000 60,000 1,000,000 100,000 10,000
2 3a 0.25a 600,000 60,000 6000 100,000 10,000 1000
4 7 0.5 300,000 30,000 3000 50,000 5000 500
8 14 1.0 150,000 15,000 1500 25,000 2500 250
12 75 15 10,000 1000 100 1667 167 16.7
16 160 100 1500 150 15.0 250 25 2.5
20 240 300 500 50 5.0 83 8.3 0.83
24 300 650 231 23.1 2.31 39 3.8 0.38
28 350 1100 136 13.6 1.36 23 2.3 0.23
32 410 1700 88 8.8 0.88 15 1.5 0.15
36 460 2400 63 6.3 0.63 10 1.0 0.10
38 500 3300 45 4.5 0.45 7.6 0.76 0.076

Notes: aInterpolated from measured data (Fetal Development, Medline Plus 2009).
bWeight of Hg per 150 g fish portion at Maximum Fish Advisory Limit of 1mg kg�1 Hg (w/w):
150 mg Hg.
cWeight of Hg per 150 g fish portion @90% Hypothetical Placental Elimination: 15 mg Hg.
dWeight of Hg per 150 g fish portion @99% Hypothetical Placental Elimination: 1.5mg Hg.
eTotal weight of Hg per 0.5mL single Influenza vaccine dose: 25mg Hg.
fWeight of Hg per 0.5mL single Influenza dose @90% Hypothetical Placental Elimination:
2.5mg Hg.
gWeight of Hg per 0.5mL single Influenza dose @99% Hypothetical Placental Elimination: 0.25 mg
Hg.
hData assume only one 150 g standard fish portion is eaten by a pregnant female at any specific week
confinement with mercury content at the maximum limit of 1mgkg�1.
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presented in Figure 1, and reveals the extent of Hg exposure to a developing fetus resulting
from consumption of a single standard fish portion or a single maternal vaccination
throughout the gestation period. It is of particular interest to note that all exposure curves
(based on all placental transfer scenarios save for the last two weeks gestation at 99%
placental elimination – flu injection) remain in excess of the USEPA Daily RfD for MeHg.

Discussion

When considering our graphical data it is immediately apparent that fetal Hg exposure in
all of the scenarios exceeds the USEPA RfD of 0.1 mg MeHg per kg b.wt per day. What is
also apparent is that the greatest danger to a developing fetus from Hg exposure to the
mother occurs during the first few weeks following conception (during the differentiation
phase of embryonic development), when body-weight of the embryo/fetus is smallest, Hg
concentration is highest, fetal brain development is fastest, and the embryo/fetus is most
susceptible to damage (Fetal Development, Medline Plus 2009). Further, it should also be

Figure 1. Fetal mercury exposure (mg kg�1) as a function of maternal exposure and placental
clearance following a single fish consumption event or single influenza vaccine administration.

Toxicological & Environmental Chemistry 11
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noted that human fetal brain development is a dynamic process wherein significant rates of
growth occur in the different brain structures, throughout the whole gestation period
(Huang et al. 2009). Thus, there is no one single period of fetal brain development that
could be considered to be less sensitive to Hg.

It is important to acknowledge limitations in our analyses and a critical one relates to
the notion that most Hg a pregnant mother receives may be distributed throughout her
body organs in preference to the developing fetus, thus severely reducing the likelihood
for Hg to be available for transfer across the placenta to impact a developing embryo/
fetus. Although one acknowledges 100% placental Hg transfer scenario is an extreme
value and, therefore, unlikely, there is compelling evidence to suggest our remaining
scenarios (1% and 10% placental Hg transfer) are more likely possibilities, if not overly
conservative.

Dock, Rissanen, and Vahter (1994) determined in Syrian golden hamsters after a single
oral dose of 203Hg-labeled MeHgCl and a single intravenous injection of 203HgCl2 that fetal
content of 203Hg in hamsters administered radio-labeled MeHg on gestational day 2 and 9
corresponded to 1.3% and 4.6% of the administered dose, respectively. The distribution of
203Hg in the fetus was more even than in the dam and the concentration of 203Hg in the fetal
brain, liver, and kidneys was similar to that of the placenta. Hg was found in maternal liver
(18% of total Hg), kidneys (31%), placenta (21%), and fetal liver (3%).

These findings establish the following factors:

(1) Maternal Hg events impacted fetal organs corresponding to overall transfer rates
of 1% and 5% of the maternal dose (gestational days 2 and 9, respectively).

(2) MeHg toxicokinetic studies using a Syrian golden hamster model provide better
comparisons for human MeHg impacts than do rat models because rat fetuses are
unable to demethylate MeHg and because of preferential binding of MeHg to rat
hemoglobin: ‘‘The brain/blood ratio of Hg in the rat is two orders of magnitude
lower (0.06–0.08) than man (3–30) and other animals, such as the Syrian golden
hamster (2–4).’’

(3) Comparison of metabolically formed inorganic Hg in the fetal liver following
intravenous injection of 203HgCl2 compared to that found in fetal liver following
oral administration of MeHg to the dam (both on gestation day 9) yielded twice the
level of fetal liver inorganic 203Hg suggestive of there being a doubling of impact to
the fetal liver for the intravenous route over that of the oral route.

(4) The higher content of 203Hg in the fetal brain compared to the corresponding level
for the dam yielded 5.8% and 0.2%, respectively, of the total body burden of 203Hg;
a 29-fold increase for the fetal brain over that of the dam. This confirms that much
higher transfer rates do, in fact, occur for the CNS, and particularly for the fetal
brain. The fetal brain, therefore, has the ability to preferentially accumulate Hg
compared to the maternal brain following Hg impact to the maternal female.

If these are valid conclusions to draw from this study then our hypothesized fetal
transfer rate of 10% of the initial maternal dose gains much realistic support for our
scenario at this transfer level. Similarly, consideration of already established transfer
characteristics for a pregnant female and embryo/fetus pair from animal and human fetus
studies have determined the following factors:

(1) Developing embryo/fetus or placenta accumulates Hg from the mother’s blood at a
higher concentration than the corresponding maternal blood, at the time of
exposure (Nordberg et al. 2007; Lippmann 2009).
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(2) Hg crossing the placenta accumulates in various developing fetal organs to

differing extents but specifically targets the fetal brain and kidney accumulating at

levels 6–10 times higher than that found in other organs of the same fetus

(Nordberg et al. 2007; Lippmann 2009).
(3) The human fetus is more at risk of MeHg impacts transferred through the placenta

than current animal models (rats, primates, or hamsters) indicate since the human

placenta appears to facilitate preferential distribution of Hg to a developing

embryo or fetus to a greater extent compared to placental transfer levels

determined from animal studies (Nordberg et al. 2007).

USEPA RfD MeHg daily limit
It is instructive to draw comparisons between our data and conclusions made in a USEPA

study examining the distribution of concentrations of Hg in blood of women of child-

bearing age (USEPA 2009), wherein it is concluded that

(1) USEPA RfD for MeHg is 0.1 mg per kg b.wt per day, which is approximately

equivalent to a blood Hg concentration of 5.8 parts per billion (ppb).
(2) Current research indicates that there is no safe level of MeHg in blood within the

range of exposures measured in the human studies of the health effects of Hg.
(3) The EPA determined that children born to women with blood Hg concentrations

above 5.8mgL�1 are at some increased risk of adverse health effects.

Despite this final assertion of risk only presenting beyond blood-Hg concentrations

greater than 5.8 mgL�1, there is evidence that at, or some level below, this level,

neurological damage to the unborn child may still occur (Greim and Snyder 2009).

Further, caution needs to be exercised in relying on the ‘‘5.8 mgL�1 blood-mercury level’’

as being a marker for determining the possibility of experiencing adverse impacts above

this blood-Hg level due to the following estimates:

(1) The ‘‘5.8 mgL�1 blood-mercury level’’ was determined from the original study

which identified this value was actually 58 mgL�1 blood-Hg, and following

application of a statistical ‘‘10% safety margin,’’ it was reduced to the present

blood-Hg level, as reported in the USEPA study. Significant caution should,

therefore, be exercised by setting a ‘‘bench mark’’ for a ‘‘mercury in blood limit

above which abnormalities may likely be expected to occur,’’ when based entirely

on a statistical consideration which has no basis on whether or not Hg impacts will

or will not actually take place at this reduced blood-Hg level.
(2) Organic Hg in cord blood was correlated with postnatal neurobehavioral effects;

blood levels of 5.8 mgL�1 in children were associated with losses in IQ (Greim and

Snyder 2009). Therefore, neurological damage was shown to have already occurred

at (or some level below) the USEPA Hg in blood level of 5.8 mgL�1.

Further, while blood concentrations are highly useful, they do not reflect Hg retained

in the brain, where Hg from vapor inhalation has a half-life of several years (Lippmann

2009), it, therefore, follows that investigators should not use blood-Hg levels as a

measure of total Hg body burden, as has been the case in some recent scientific

investigations.

Graphical fetal Hg exposures
Considering that experimental support for the likelihood of 1% and 10% placental

transfer scenarios were established, it is further proposed these are highly likely to be
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conservative estimates because of the present lack of understanding of the complete
placental transfer mechanisms, or knowledge of all of the transporting molecules
responsible, and greater sensitivity and susceptibility of the human fetus to exposure
from MeHg transferred maternally, compared to data determined from experiments on
lab animals and primates. Should this subsequently prove to be the case then the
implications for a developing fetus after exposure to Hg (on a weight adjusted basis)
during the first week of gestation from either a single Hg-preserved influenza vaccine
or from the pregnant woman eating a single standard portion of fish, resulting in a Hg
impact that is somewhere between our 100% and 10% limits, are so grave they warrant
stating,

. At 100% placental transfer (0% placental reduction) scenario:

– Though unlikely to occur at this level, fish consumption case is 4seven
orders of magnitude higher than USEPA RfD daily limit.

– Vaccination case is seven orders of magnitude higher than USEPA RfD
daily limit.

– The fetal Hg exposure from a single influenza injection given to the mother
at this stage potentially equates to a lethal adult dose of an equivalent Hg
salt (Nordberg et al. 2007). Fetal Hg exposure from consumption of a single
fish portion is potentially six-fold higher than the lethal adult dose for this
same Hg salt.

. At 10% placental transfer (90% placental reduction) scenario:

– This transfer rate is highly likely and has experimental support that it does
occur at this level. Fish consumption case is greater than six orders of
magnitude higher than USEPA RfD daily limit. Vaccination case is six
orders of magnitude higher than USEPA RfD daily limit.

. At 1% placental transfer (99% placental reduction) scenario:

– Transfer rates have been experimentally confirmed to occur above this
level. Fish consumption case is still greater than five orders of magnitude
above USEPA RfD daily limit.

– Vaccination case is still five orders of magnitude above USEPA RfD daily
limit.

Additional risk to a fetus may occur because this time coincides with a period when a
pregnant woman may be unaware she is pregnant and, therefore, would be unable to
practice any Hg avoidance as advised by various agencies including the World Health
Organization. Given the extremely high concentration of Hg from fish or vaccines
available to impact a fetus within the first few weeks following conception, there is likely a
proportion of pregnancies that do not survive this event which may go unnoticed by the
mother. While such Hg induced terminations are tragic, they are unlikely to represent the
entire population of victims of this exposure as, of the children who do survive the initial
Hg exposure, some proportion will likely be found to have developmental problems,
delays, or even devastating conditions such as cerebral palsy or autism spectrum disorder.
Given the magnitude of these potential Hg impacts on a fetus and the high degree of lack
of knowledge presently surrounding maternal transfer of Hg across the placenta, one
should not continue to ignore such horrendous potential Hg impacts to a developing
human embryo/fetus.
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Recommendation to authorities
Our data suggest that health and medical regulators would be wise to undertake a
comprehensive re-evaluation of the potential consequences of Hg exposure to a developing
fetus from the perspective of fetal body weight rather than from that of the maternal adult
recipient. Authorities should also re-evaluate all fish/crustacea advisories for pregnant
women given the above calculations for our scenarios. Even under the most conservative
of scenarios presented (just 1% placental transfer of Hg to the developing child), our
analyses suggest that fetuses right up to the gestational age of week 38 may be exposed to
doses of Hg far greater than any generally accepted safe levels, and at a developmental
period of high vulnerability.

Health officials and regulators therefore need to be concerned by recommending that
weekly consumption of standard portions of contaminated fish (or crustacea), for all levels
of Hg up to the maximum limit, is ‘‘safe’’ for the ‘‘most at risk group in a community.’’
Clearly, such simplistic advisories are not supportive of health protection for the most at
risk groups in a community when Hg elimination rates for the human fetal brain, CNS,
and major organs are considered together with what are, supposedly, ‘‘acceptable’’
consumption frequencies.

Conclusion

Current Hg exposure advisories do not appear to account for (or offer protection of)
developing embryos and fetuses which are exposed to Hg via maternal (placental) transfer.
Data presented suggest that fetal Hg exposure is intolerably high even under conservative
scenarios of maternal exposure and placental transfer. Critical perusal of the data (Table 3
and Figure 1) demonstrates that available Hg crossing the placenta throughout the entire
gestation period following a single fish consumption event ranges between 6 and 6,000,000
times higher than the USEPA RfD maximum recommended daily exposure for MeHg,
even under conservative exposure and placental transfer scenarios. The equavalent fetal
Hg exposure following a single SEMT-preserved maternal influenza vaccination ranges
between 1 and 1,000,000 times higher than the USEPA RfD maximum. There is, therefore,
no safe level of maternal transfer of Hg to a developing human embryo/fetus.

Competing interests

IAB is Technical Director of Hg Recoveries Pty Ltd, an Australian company involved in
remediation of environmental Hg contamination.

Acknowledgments

The authors thank Dr Michael S. Bank, Harvard Medical School, Associate Prof. Enzo Palombo,
Matthew Garrecht, and Kerrie Shandley, Swinburne University of Technology for reviewing earlier
drafts of this manuscript and for their invaluable feedback.

References

Amin-Zaki, L., M.A. Majeed, T.W. Clarkson, and M.R. Greenwood. 1978. Methylmercury

poisoning in Iraqi children: Clinical observations over two years. British Medical Journal 1:

613–16.

Toxicological & Environmental Chemistry 15

D
ow

nl
oa

de
d 

by
 [

L
in

ko
pi

ng
s 

un
iv

er
si

te
ts

bi
bl

io
te

k]
 a

t 2
1:

14
 2

4 
Se

pt
em

be
r 

20
12

 



Ask, K., A. Akesson, M. Berglund, and M. Vahter. 2002. Inorganic mercury and methylmercury in

placentas of Swedish women. Environmental Health Perspectives 110: 523–6.
Austin, D. 2008. An epidemiological analysis of the ‘autism as mercury poisoning’ hypothesis.

International Journal of Risk & Safety in Medicine 20: 135–42.
Bernard, S., A. Enayati, L. Redwood, R. Roger, and T. Binstock. 2001. Autism: A novel form of

mercury poisoning. Medical Hypotheses 56: 462–71.
Burger, J., R. Dixon, C.J. Boring, and M. Gochfeld. 2003. Effect of deep-frying fish on risk from

mercury. Journal of Toxicology and Environmental Health A 66: 817–28.

Burger, J., and M. Gochfield. 2012. Risk evaluation of mercury pollution. In Mercury in the

environment, pattern and process, ed. M.S. Bank, 239–66. California: California University Press.
Commonwealth Scientific and Industrial Research Organization (CSIRO). 1998. Gippsland Lakes

environmental audit: Review of water quality and status of aquatic ecosystems of the Gippsland

Lakes. A report prepared for the Gippsland Coastal Board, October 1998.
Counter, S.A., L.H. Buchanan, F. Ortega, and G. Laurell. 2002. Elevated blood mercury and neuro-

otological observations in children of the Ecuadorian gold mines. Journal of Toxicology and

Environmental Health A 65: 149–63.
CSL Limited. 2009. A multi-dose pandemic flu vaccine. PANVAX Product Information Leaflet.

http://www.csl.com.au/s1/cs/auhq/1187378853299/news/1249870443804/prdetail.htm (accessed May

2, 2012).

Dock, L., R.L. Rissanen, and M. Vahter. 1994. Demethylation and placental transfer of methyl

mercury in the pregnant hamster. Toxicology 94: 131–42.
Ealey, E.H.M., G.B. Deacon, B.A.W. Coller, G.J. Bird, C.H. Bos-Van der Zalm, W.G.C. Raper,

S.C.V. Rusden. 1978. Mercury in the food web of Raspberry Creek, Part 1; An integrated report on

mercury chemistry and biology of Raspberry Creek. VicEPA Report 153 1983. Report 12 Graduate

School of Environmental Science, Monash University, Australia.
Fagan, D.G., J.S. Pritchard, T.W. Clarkson, and M.R. Greenwood. 1977. Organ mercury levels in

infants with omphaloceles treated with organic mercurial antiseptics. Archives of Diseases in

Childhood 52: 962–4.
FAO/WHO. 2011. Report of the Joint FAO/WHO Expert Consultation on the risks and benefits of

fish consumption. Rome: Food and Agriculture Organization of the United Nations; Geneva:

World Health Organization.
Food Standards Australia New Zealand. 2011. Contaminants & natural toxicants, ASNZ Standard

1.4.1, Version 121, July, 2011. http://www.foodstandards.gov.au/food standards/

Geoscience Australia Gold Resources (Sheet 1) 2011. http://www.ga.gov.au/image_cache/

GA20894.jpg (accessed June 21, 2012)
Greim, H., and R. Snyder, eds. 2009. Toxicology and risk assessment – A comprehensive introduction;

Chichester: Wiley & Sons.
Hellings, J. 2009. The role of fire in the atmospheric cycling and biogeochemistry of mercury in the

Australian environment. PhD diss., School of Applied Sciences and Engineering. Monash

University, Australia.
Huang, H., R. Xue, J. Zhang, T. Ren, L.J. Richards, P. Yarowsky, M.I. Miller, and S. Mori. 2009.

Anatomical characterisation of human fetal brain development with diffusion tensor magnetic

resonance imaging. Journal of Neuroscience 29: 4263–73.

Ida-Eto, M., A. Oyabu, T. Ohkawara, Y. Tashiro, N. Narita, and M. Narita. 2012. Prenatal

exposure to organomercury, thimerosal, persistently impairs the serotonergic and dopaminergic

systems in the rat brain: Implications for association with developmental disorders. Brain and

Development. http://dx.doi.org/10.1016/j.braindev.2012.05.004 (in press).
Jackson, J. 1997. State of habitat availability and quality in Inland Waters, Australia. State of the

Environment Technical Paper Series (Inland Waters), Department of the Environment, Canberra,

Australia.
Khan, A., Z.L. Sulkowski, T. Chen, A.M. Zavacki, and E.M. Sajdel-Silkowska. 2012. Sex-

dependent changes in cerebellar thyroid hormone-dependent gene expression following perinatal

exposure to thimerosal in rats. Journal of Physiology and Pharmacology 63: 277–83.

16 I.A. Brown and D.W. Austin

D
ow

nl
oa

de
d 

by
 [

L
in

ko
pi

ng
s 

un
iv

er
si

te
ts

bi
bl

io
te

k]
 a

t 2
1:

14
 2

4 
Se

pt
em

be
r 

20
12

 



Leslie, K.E., and S.M. Koger. 2011. A significant factor in autism: Methylmercury induced oxidative

stress in genetically susceptible individuals. Journal of Developmental and Physical Disabilities 23:

313–24.
Leslie, K.E., and S.M. Koger. 2012. Toxicants and environmental health: A psychological issue.

Journal of Student Research 2: 19–30.
Lippmann, M. ed. 2009. Environmental toxicants: Human exposures and their health effects. 3rd ed.

New Jersey: Wiley & Sons.

Magos, L. 2001. Review on the toxicology of ethylmercury, including its presence as a preservative in

biological and pharmaceutical products. Journal of Applied Toxicology 21: 1–5.
Mao, Y., Y. Yin, Y. Li, G. Liu, X. Feng, G. Jiang, andY. Cai. 2010. Occurrence of monoethylmercury

in the Florida Everglades: Identification & verification. Environmental Pollution 158: 3378–84.
McCredie, A. 1982. Mercury and mining pollution in the Upper Goulburn River. Melbourne,

Australia: Graduate School of Environmental Science, Monash University, Aristoc Press.

Medline Plus. 2009. Fetal development. (A Service of the U.S. National Library of Medicine,

National Institute of Health). http://www.epa.gov/ace/body_burdens/b4-background.html

(accessed November 14, 2009).
Mutter, J., and D. Yeter. 2008. Kawasaki’s disease, Acrodynia, and mercury. Current Medicinal

Chemistry 15: 3000–10.
NHMRC, NRMMC. 2011. Australian Drinking Water Guidelines Paper 6 National Water Quality

Management Strategy. National Health and Medical Research Council, National Resource

Management Ministerial Council, Commonwealth of Australia, Canberra. ISBN Online:

1864965118 Published: October 2011 (accessed September 7, 2012).
Nordberg, G.F., B.A. Fowler, M. Nordberg, and L. Friberg, eds. 2007. Handbook on the toxicology

of metals, 3rd ed. California: Academic Press.
Parsons, M.B., and J.B. Percival, eds. 2005. Mercury: Sources, measurements, cycles, and effects.

Mineralogical Association of Canada, Short Course Series, Vol. 34. ISBN 0-921294-34-4.

Pichichero, M.E., E. Cernichiari, J. Lopreiato, and J. Treanor. 2002. Mercury concentrations and

metabolism in infants receiving vaccines containing thimerosal: A descriptive study. The Lancet

360: 1737–41.
Pichichero, M.E., A. Gentile, N. Giglio, V. Umido, T. Clarkson, E. Cernichiari, G. Zareba, et al.

2008. Mercury levels in newborns and infants after receipt of thimerosal containing vaccines.

Journal of Pediatrics 121: e208–14.
Plimer, I. 2009. Heaven & earth global warming: The missing science. Ballan, VIC: Connor Court.

Ratcliffe, H.E., G.M. Swanson, and L.J. Fischer. 1996. Human exposure to mercury: A critical

assessment of the evidence of adverse health effects. Journal of Toxicology and Environmental

Health 49: 221–70.
Shandley, K., and D.W. Austin. 2011. Ancestry of Pink Disease (Infantile Acrodynia) identified as a

risk factor for autism spectrum disorders. Journal of Toxicology and Environmental Health, Part A

74: 1185–94.
Sharpe, M.A., A.D. Livingston, and D.S. Baskin. 2012. Thimerosal-derived ethylmercury is a

mitochondrial toxin in human astrocytes: Possible role of Fenton Chemistry in the oxidation and

breakage of mtDNA. Journal of Toxicology, Article ID 373678. DOI:10.1155/2012/373678.

Published online Jun 28, 2012 (accessed September 8, 2012).
Stern, A.H., and A.E. Smith. 2003. An assessment of the cord blood: Maternal blood methylmercury

ratio: Implications for risk assessment. Environmental Health Perspectives 111: 1464–70.
Sulkowski, Z.L., T. Chen, S. Midha, A.M. Zavacki, and E.M. Sajdel-Sulkowska. 2011. Maternal

thimerosal exposure results in aberrant cerebellar oxidative stress, thyroid hormone metabolism,

and motor behaviour in rat pups; sex- and strain-dependent effects. Cerebellum 11, no 2: 575–86.

Sutherland, P.D., C.J. Bell, and G.J. Bacher. 1984. Mercury survey of the Upper Goulburn River

System. Water Quality Branch, Victorian EPA, VicEPA Report 195 June 1984.
Swedish Expert Group 1971. Methyl mercury in fish. A toxicologic-epidemiologic evaluation of

risks. Report from an expert group (1971): Nordic Hydrology Tidsskrift (Supplemental), 4, 1–357.

PubMed ID 5286059.

Toxicological & Environmental Chemistry 17

D
ow

nl
oa

de
d 

by
 [

L
in

ko
pi

ng
s 

un
iv

er
si

te
ts

bi
bl

io
te

k]
 a

t 2
1:

14
 2

4 
Se

pt
em

be
r 

20
12

 



Sweet, L.I., and J.T. Zelikoff. 2001. Toxicology and immunotoxicology of mercury: A comparative
review in fish and humans. Journal of Toxicology and Environmental Health B 4: 161–205.

The Australian Government Department of Health and Ageing. 2008. The Australian immunisation
handbook, 9th ed. http://www.health.gov.au/internet/immunise/publishing.nsf/content/handbook-

home (accessed May 16, 2012).
Tomljenovic, L., J.G. Dorea, and C.A. Shaw. 2012. Commentary: A link between mercury exposure,
Autism Spectrum Disorder, and other neurodevelopmental disorders? Implications for

Thimerosal-containing vaccines. Journal of Developmental Disabilities 18, no. 1: 34–42.
UNEP DTIE Chemicals Branch and WHO Department of Food Safety, Zoonoses and Foodborne
Diseases. 2008. Guidance for identifying populations at risk from mercury exposure. Geneva,

Switzerland, http://www.chem.unep.ch (accessed February 15, 2012).
United Nations Environment Program (UNEP). 2011. Proposed UNEP global treaty ban on mercury
in vaccines, October 2011. http://www.unep.org/hazardoussubstances/Mercury/tabid/434/

Default.aspx (accessed January 12, 2012).
USEPA. 2009. Measure B4: Distribution of concentrations of mercury in blood of women of child-
bearing age. http://www.epa.gov/ace/body_burdens/b4-background.html (accessed November 14,
2009).

Verstraeten, T., R.L. Davis, F. DeStefano, T.A. Lieu, P.H. Rhodes, S.B. Black, H. Shinefield, and
R.T. Chen. 2003. Safety of thimerosal-containing vaccines: A two-phased study of computerised
health maintenance organization databases. Pediatrics 112: 1039–48.

18 I.A. Brown and D.W. Austin

D
ow

nl
oa

de
d 

by
 [

L
in

ko
pi

ng
s 

un
iv

er
si

te
ts

bi
bl

io
te

k]
 a

t 2
1:

14
 2

4 
Se

pt
em

be
r 

20
12

 


	AJOC_Response_Letter
	No 22_Influenza_Trends_HET
	120924_BrownIA,AustinDW_MaternalTransferOfMercuryToTheDevelopingEmbryo_Fetus_IsThereASafeLevel(qustn)_ToxicolEnvironmentChem_2012Sep24_online


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




