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Abstract

Despite the itense debate surrounding Cancer Alley and environmematgismin Louisianathere is a

lack of environmental health research in this state. The few studiesekiat of cancer andoxic air

pollution in Louisiandave been industrjunded and/or Imited in statistical power by small population

size These limitationseduce (or may reducejhe likelihood of detecting @y canceipollution link that

exists We investigatedthe relationshipbetween toxic air pollution and cancamongLouisianacensus

tracts using the mostecent cancer incidence rates available from the Louisiana Tumor Registry (2008

2017) To account for cancer latency, we used historical pollution daiacifically, Cancer Rié#ue to

toxic air pollution)fromthe! ®@{ ® 9y @A NB Yy Y Sy (i 12805Nate@aliAB Tonids Asgesdmab y O & Q &
(NATA) and we excluded census tracts with substalfti changed boundaries betwedhe 2005 and

20082017 datasts. We used Cancer Risk values for point sources, wdriemdustrial plants electrical

utilities, large waste incineratorgnd other sources witha specific point location of emissions but
excludesairports and homes, as well &iees, vehiclesandother mobile sourcesOur analysis included 5

year estimates (20:2015) of race (Black and poverty from the ®{ ® / Sy & dadericandzNB | dzQ :
Community Surveysing linear regression and stepwiSECmodel selectionwe evaluated cancer rates

among census tracts (n = 75@)ative toeach variable antb all combinations ofvariableinteractiors.

The top-performing modelincluded thedirect effects ofrace (% Black and poverty, in addition to

interactive effectdbetweenraceand povertyand betweenpollution and poverty Furtheranalysifound

that higher pollution levels were linked to higher cancer rae®ngthe mostimpoverishedcensus tracts

(i.e. top quartiley = 0.25, df = 18 R=0.0004) but not amonghe other census tract® simple correlation

test between pollution values and cancer ratess nonsignficant, meaning that the link between

pollution and cancer waapparentonly when povertyvasconsidered. Ouanalysigprovides evidence of

a statewide link between cancerates and toxic air pollutionn Louisiana and suggesthat toxic air

pollution isk  O2y i NRodziAy 3 FI OG 2 NJ Tiege findikgS validate iheSfiesthan® | y OS N
knowledge of Louisiana residerft®m impoverished andndustrializedneighborhoodswho have long

maintained that theirommunities are overburdened with cancer.
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Introduction

Clients of the Tulane Environmental Law Clinic, including residents of Cancer Alley, Mossville, and other
industrialized communities, have lomgaintained that their communities are overburdened with cancer
and other health problems from chronfmllution exposureWhile continually dismissed bindustry}
state decisionmakers? and local politiciandthese concerns areot baselessMore pounds of industrial
toxic air pollution are releaseeach yeaiin Louisianghan in any other state in the natichOur clients
who live in industrialized communitieBave firsthand experiensewith higherthan-normal cancer
prevalenceamong their fanily members friends, and neighborsyet, despite this basis for concern,
neither the Department of Environmental Qual{tyDEQhor the Louisiana Department of Health (LDH)
has evermpublished a systematic evaluation pdllution and cancer ris&cross Loisiana Understanding
this relationship is essential to environmental justibecauseBlack communities in Louisiana are
overburdened by both pollution and cancer.

The LDEQ has repeatedly used data from the Louisiana Tumor Redistrgtate cancedatabaseg to

justify further industrial developmenin[ 2 dzA A Al Y| Qa4 AYRdzZAGNAI f AT BR 02YYd
dismissedconcerns about toxic air pollutioin particular communitie®n the basis thathe localcancer

rate is notstatistically higher than the Louisiana averddeis approach iscientificallyflawedfor multiple

reasons Most fundamentallythe approachfails to include any measure of pollution exposureto

recognize that industrialized communities across Lian& are repesented in the state averagethich

itself is abnormally high. Louisiahasthe 7" highest cancer ratén the United State$.While multiple
FILOG2NR O2yiNRO6dziS (2 OFyOSNI RAALI NRAGAS&&Emed KSNB
AY RdzA G NR I f LRtfdziAz2zy FNBY GKS fAad 2F LRGSYGAlf
inappropriatelyputs the burden of proof on the community rather than the polluter. In other words, there

is no evidence that it isafeto locate industial plants near communitieyet LDEQ maintains there is no

1 For example, see Formosa Plas(eé& LA LLC) Environmental Assessment Statement to LDEQ. January 27, 2019.
Page 8. Doc ID1457119

2 For example, see LDEQ Bdsr Decision and Response to Comments regarding Formosa Plastics air permit
approval. January 6, 2020. Pages 17, 18, 49, 54, 65, 118, 121, 122.10683D%.

3 For example, see the letter from Louisiana parish presidents (Ascension, St. James, and St. Charles parishes) to
President Joseph Biden. June 2, 2021.

4Based on 2017 2019 values for TRI Pounds of air releases, from EPA Risk Screening Environmental Indicators
Database. Available attps://edap.epa.gov/public/extensions/EasyREasyRSEI.html#

5Terrell, K. and W. James, 20Rhcial Disparities in Air Pollution Burden and C&@IDeaths in Louisiana, USA,

in the Context of Londerm Changes in Fine Particulate PollutBnvironmental Justic&eptember 2, 2020.
https://doi.org/10.1089/env.2020.0021

5 LDEQ Basis for Decision and Response to Comments regarding Formosa Plastics air permit approval. January 6,
2020. Pages 17, 18, 49, 54, 65, 118, 121, 122. Dbta#B452 See alse. DEQ Response to Comments. Pin Oak
Terminal.2580:00051V0. Al 144688. Doc ID1078480Page 6.

7 Louisiana ranked 7 out of 52 for agdjusted incidence of cancer (all sites) from 2@047.Louisiana rate:

481.0. U.S. rate: 448.Rates are per 100,000 populatiddational Cancer Instituténcidence Rates Table

Accessed June 18, 2021.



https://edms.deq.louisiana.gov/app/doc/view.aspx?doc=11457119&ob=yes&child=yes
https://edms.deq.louisiana.gov/app/doc/view.aspx?doc=11998452&ob=yes&child=yes
https://edap.epa.gov/public/extensions/EasyRSEI/EasyRSEI.html
https://doi.org/10.1089/env.2020.0021
https://edms.deq.louisiana.gov/app/doc/view.aspx?doc=11998452&ob=yes&child=yes
https://edms.deq.louisiana.gov/app/doc/view.aspx?doc=11078480&ob=yes&child=yes
https://statecancerprofiles.cancer.gov/incidencerates/index.php?stateFIPS=00&areatype=state&cancer=001&stage=999&race=00&sex=0&age=001&year=0&type=incd&sortVariableName=rate&sortOrder=desc#results

evidence that this practice isnsafe® Scientistg(including ceauthor Terrell)have informed LDEQ that
there are many reasons why an effect of pollutierposurecan go undetected, particulariyn small
populations® Yet the agency has not corrected its approach to industrial permitting.

The[ 2dzZA aA | Yy I ¢dzY2NJ wS3IAaldNR AGaStF KFa FTR2LIGSR |d
AYRAzZAGNRL £ AT SR 02 YYdzy A (i ArBualdrepdrtt JSravikieF dadzer freted Yor tieK S w S
G Ly Rdza G NJX & dubjettigeNdstidrl 2rbdbiré southeast Louisiana tlwatrresponds tdVest Baton

Rouge, East Baton Rouge, Iberville, Ascension, St. James, St. John, and St. CharlegLjpauishes

parishes aresquivalent to counties). This definition omttse neighboring parishes of Jeffersd@rleans,

St. Bernard, and Plaquemineshich aresimilarly impacted by industrial pollutiorand are typically
O2yaARSNBR (2 0S5 “Ihedefinitich BlsodghdrefieadyNadusiridliZe@ coramunities

in other parts of the state, including Mossville, Lake Charles, Shreveport, and Alexini@ids,. ofthe 10

parishes in Louisianaith the highestCancer Hazard from industrial pollution, onbuf are included in

GKS ¢dzY2NJ wSIAaiINRQAa RSTFAYAGAZ2Y 2F (GKS LYRdzZAGNRAI §

Like LDEQthe Tumor Registryacksany measure of pollution exposure in imalyses Instead, the
Registrysimply reportsregionwide cancer rates fothe socalled Indudrial Corridor'? Becausethese
values arenot statistically elevated compared the correspondingtate averags, the report implieghat
industrial pollution is not a significant driver of cancer in Louis@ad®aselesand potentiallydangerous
conclsion. In fact, the LDEQ ha®pied and pastedhese findingsinto air permitting decisiong® The
misuse ofcancerdata by industryLDEQandthe Registry itselhas resulted improfound distrust of the
Louisiana Tumor Registry yany residents and environmental advocat¥gt, despite the widespread
misuse of Louisiana canceata, the dataset itself isscientificallysound and represerg a valuable
resource for public health research@advocacy.

We evaluated the relationship between cancatesand toxic air pollution in Louisiana using data from
the Louisiana Tumor Registry and the Environmental Protection Agency, as well as demographic data from

8 LDEQ Basis for Decision and Response to Comments regarding Formosa Plastics air permit approval. January 6,

2020. Pages 17, 18, 49, 54, 65, 118, 121, 122. DbtifB452 See als€. DEQ Response to Comments. Pin Oak

Terminal. 2580:00051V0. Al 144688. Doc IDL078480 Page 6.

9 Letter from Edward Peters and Kimberly TerelLDEQ Secretary Chuck Carr Brd®i: LDEQ Approval of

Formosa Plastics Plant Contradicted Basic Public Health Prindilalesh 4, 2021. Doc 2606364

2 §3fSe WFHYSazr /KdzyNRy3I WAFZ yR {FiAaK YSRAIFI® 4! yS@Sy
C2EAQ&DE LYOGSNYIFGAZ2y LT W2dNYIt 2F 9y JA NBGSEesoAdf wSaSEN
Environmental Justice Assessment of the Mississippi River Industrial Corridor in Louisiana, UdBagadsis

I LILINR | OKdé 1 LI ASR 902f23@ | YREAYDANRYYSyidlf wSaSlkNOK |
1 Cancer Hazard is a measure of the amount of canaasing polition released by industrial facilities, as

NELR2NISR 6& (KS 9YyOBANRYYSYy(lf tNRGSOGAZY ! 3SydeqQa ¢2EA!
Iberville, Ascension, Caddo, St. Bernard, Jefferson, East Baton Rouge, St. Mary, St. James aDddchiitasieu.

2Maniscalco L, Yi Y, Zhang L, Lefante C, Hsieh MC, Wu XC (eds). Cancer in Lol@s24iZ, Reéw Orleans:

Louisiana Tumor Regist3020. Vol. 35.

BLDEQ Response to Comments. Pin Oak Terr@i@0:00051V0. Al 144688. Doc IDL078480 Page 6See also

LDEQ Basis for Decision and Response to Comments regarding Formosa Plastics air permit approval. January 6,

2020. Page 65. Doc 10998452
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the U.S. Census Buredur goalwas to better understand the drivers of cancer rates in Louisiana and to
determine whether the firsthand experiences of industrialized communities are supported by Tumor
Registry dataBecause we relied entirely on publidyailabledatasets compiled bytate or federal
institutions, our analysis can be independently reproduced. The combined dataset and R code are
available upon request.

Methods

Mapping

We mapped each dataset using Q@Esion 3.180 visualize the geographic patterns of cancer (Fig. 1),
toxic air pollution (Fig. 2), and race and poverty (Fig. 3) among Louisiana censu€aabtslataset is
broken down by percentile. Additionally, we mapped smoking and obesity data at the finest geographic
resolution available (i.e. parish level; Fig. 4), since those factors are commonly cited as explanations for
[ 2dzA @Al Y Q& OF yOSNI 6 dzNRSy o

Cancer Incidence Rates

We obtained10-year average annual cancer rates for all malignant tumors combined from the Louisiana
¢dzY2NJ wS3IAA&alNEQa Y 2pablishedId QY ancefleating dasdsliagidseda RON8S
201714 Canceilincidence rates were available for 932 of 1,148 census tracts in Lou{§imndl) These

rates are age adjusted and presented A€0,000population. For simplicity, we subsequently refer to

OF yYOSNI AYOARSYOS NIridSa +ra aOFyOSNI NI GSaodé

Pollution Levels

We usedestimates of pollutiorrelated cancer riskrom the Environmental Protection AgendiEPAQ a
2005 National Air Toxics Assessm@ATA) which reflecs pollution levels in 200%Fig. 2)Because EPA
updates its methodology each time it publishes theTd4typically once every 3 yearshe 2005NATA
provided more refined methodology compared to previous NAI&96, 1999, and 2002jvhile still
allowingareasonabldime gaprelative tothe cancer rate datas€20082017)to help account for cancer
latency.!® Additionally,in selecting the datasetye considered tht changes in census tract boundaries
occur during each decennial census (e.g. 1990, 2000, and ZDdQccount for these changes, we
excluded significantighanged census tracts from our aysik, as described below.

Wedzd SR bPbirit Sarde Cancer Risk because the Industrial Corridor/Cancer Alley is characterized
by a high density of point sourcespfliution (i.e. chemical and petrochemical facilities). TW&TAPoint

Source category represents stationary sources for whichtimes are known, including industrial plants,
electric utilities, and large waste incineratdfsThis NATA category does not include airports, homes,

¥ Maniscalco L, Yi ¥hang L, Lefante C, Hsieh MC, Wu XC (eds). Cancer Incidence in Louisiana by Census Tract,
2008-2017. New Orleans: Louisiana Tumor Registtgrch2021.

S Diana L. Nadler, Igor G. Zurbenko, "Estimating Cancer Latency Times Using a Weibuldealettsn
Epidemiologyvol. 2014, Article ID 746769, 8 pages, 20i#hs://doi.org/10.1155/2014/746769

B9t 1l @ 'y h@SNIBASE 27T -B&lé KiZTeics ABseddinedtt JanQary 3b, P01 Rage 10.
Available ahttps://www.epa.gov/sites/production/files/2015L0/documents/2005nata-tmd.pdf. Note Footnote

b in Exhibit 21. See als&PA. 201MNATATechnical Support DocumerAugust 2018. Page 10.
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wildfires, vehicles, or other mobile or diffuse sources of pollution. For simplicity, we subseqigfatly

to Point Source Cancer Riakd LJ2 £  dzii Ar®yi 2 £ 8 @S fl #BéBausk duf admlyii2rglies on
historical pollution values, but there is significant interest in current pollution levels, we also mapped
Point Source Cancer Risgm the mostrecent (2014) NATAig. 2) Importantly, the results of different
NATAs are not directly comparable due to methodological changes ovettive did not use the 2014
data in any statistical analysis; rather, we mapped the data for visualization only.

Demographic and Health Indicators

As demographic predictors of cancer rates, our analysis included the percentage of Black residents (i.e.
AfricantAmericanalone or AfricaPAmerican mixed with another raf@nd the percentage of residents

living below theF SRSNI f L2 JSNI & GKNBaK2f RZ R0OLB meic&anS | o{ ¢
Community SurveyFig. 3) While smoking and obesity are also important risk factors for cancer, to our
knowledge, these data are not available at the census tract level for aoaisto explore the potential

for geographic patterns in smoking and obesity that could confound our analysis, we mapped@agish

smoking and obesity data from the 2011 Louisiana County Health Ra#Kirusse rankings use 2003

2009 smoking datafrodd KS ! ®o{ ® / Sy iSNAR F2NJ 5AaSlFasS /2yiNRf o/
{2aidSY YR wnny 20Sairite RIGF FNRY GKS /5/Qa bl Az
Protection.We use historical smoking and obesity data because curremiecaates reflect historical risk
factors.Because the data were not available at the census tract level, we could not include smoking or
obesity in our statistical analysis; rather, we mapped the data for visualizatiorfFagly4)

Data Exclusions

Ou analysis excluded census tracts for which cancer rates were not available from the Louisiana Tumor
Registry (n = 216 out of 1,148 total). Additionally, we excluded tthatshe Tumor Registrdesignated

as containingmilitary baseqn =27), becausanilitary personnelare likely to havedifferent exposure
histories compared tgpermanentresidents.We also excludedcensustracts (n = 155)with geographic
boundaries thathad changedsubstantiallybetween the2000 Census and 2010 Censasidentified by

the U.S. Census Bure&liThis exclusion was necessary because we used a pollution dataset that was
based on the 2000 Census and a cancer dataset that was based on the 2010 Afesrsirese exclusions,

there were 750 census tracts remaigiin thefinal dataset Estimates of cancer risk N2 Y 2005! Qa
National Air Toxics Assessmevere available for abf thesetracts.

Statistical Analysis

We performed all analysén R Statistical Softwar®Ve usedTukey's Ladder of Powels evaluatedata
normality and to identify transformationsfor non-normal data (transformTukey function in the
rcompaniornpackage)With the exception of cancer rates, all variables in our datasets weraaonally
distributed and were transformed for analysis (i1 & A2. After transformations were applied to

7EPA. 2014 National Air Toxics Assessrienhnical Support Documeiugust 2018Table 11. Pages 6.
18 University of Wisconsin Poptilan Health Institute. 2011 County Health Rankings. Available at
https://www.countyhealthrankings.org/app/louisiana/2021/downloads

19 Available atttps://www.census.gov/geographies/referenddes/2010/geo/relationship
files.html#par_textimage 19960472ccessed Feb 18, 2020.
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pollution (X129, poverty (R4, and race (X)) data, more normal distributions were achievigdg.Al). To
reducemulticollinearity, data werethen centered on zero by subsicting the mearfrom eachvalue?

We evaluated the performance of alternate linear modiels predicting census tradevel cancer rates
using the stepAlIC function in the MASS package of R Statistical Scftwinis. function performs

stepwise AIC model selectidhrough an iterative procesthat adds and removes variables sequentially
to identify the best fit modelAfter identifying thebest fit model, we performed a linear regression to
determine significance values for each variafile.better understandhe observed interaction effects,

S RAOGARSR 2dzNJ N} yaFT2NX¥SR RFGF&SH

Ay 2

lj dzt NI At Sa&

evaluate relationships between cancer incidence rates and pollugerls and betweerrace and
pollution levels We then created scatterplots of the rafie. untransformed) data to visualize these
comparisons. These plots included linear regression lines with 95% confidence intervals, calculated using

the geom_line function in ggplot2 in R Statistical Software.

Cancer Incidence
Rates (2008-2017)
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Figure 1. Agadjusted annual cancencidence rates, averaged from 20@817, as reported by the
Louisiana Tumor Registipset depicts the Industrial Corridor from Baton Rouge to New Orleans.
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multicollinearity. Behv Res 48, 13@8317 (2016). https://doi.org/10.3758/s134281.5-0624x
2R Core Team (2020). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URttps://www.R-project.org/.
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Cancer Risk from Point Sources of
Pollution in 2005

(excess cases per million population)
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[ Data unavailable

Cancer Risk from Point Sources of
Pollution in 2014

(excess cases per million population)
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Bl 17.44 -1470.41
I Data unavailable

Figure2. Cancer Risk from Point Sources of Pollutimoken down by percentileas reported in the
9YBANRYYSyYy Gl t NP GtSpDandl 2014 lgbttany yNatidnal3Air Forias pAssessme
(NATA). Note that the methodology differed between these two asses®nso the resulting data are
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is shown in dark blue. Datre 5yr estimates (20H AmMmp 0 FNRBY GKS | of
Community Survey. !
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Figured. Top Percentage of adult population thaticently smoke tobacco productBottom: Percentage
of adult population that is considered obese. Both datasets are from the 2011 County Health Ral
which use 2002009 smoking data and 2008 obesity datae Mississippi River is shown in blue.



