Prostate Cancer Risk Associated with Ambient Pesticide Exposure in California's Central Valley
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Interview and Geo-coding GIS-Based Pesticide Exposure Evaluation System
Background
Interview and questionnaire el T NS ) Highlights of GIS based method
Rationale ® Questions pertaining to residential history of pesticide exposure _Mi = ® Based on the assumption that the actual ambient pesticide exposure is proportional to the amount of chemical applied within a 500 meter buffer
@ Other than age, family history, and hormonal factors, there are few established risk factors @ Questions pertaining to occupational history of pesticide exposure il i === around the individual’s residence. The figure on the left illustrates the synthesized “area of activity” around the residence.
sl BRI
for prostate cancer. ® Questions pertaining to other prostate cancer risk factors (including FFQ) } ‘ ® Much more objective method, not subject to recall
@ There is evidence that pesticide exposure is a risk factor for prostate cancer. Some Ay LN T bias from self-report based study.
pesticides, classified as endocrine-disrupting chemicals (EDCs), can affect normal hormone di {‘ | ﬂﬁmﬁ ® The use of the combination of PUR and LU data The Pesticide Use Report COUNTY year locate METHOD ~ CHEMCODE  CHEMNAME CROP treated  pounds
function, and the variations in hormone levels affect prostate cancer risk. Geo-coding | . I — further narrows down the actual area the In 1972, reports for commercial B R ] -
®@ The extremely strong risk associated with age (incidence after 45 increasing at a rate The complete residential history of each | " a | ‘ application occurs, leaving less misspecification than applications of restricted-use 10 1992 10MI15520E03 G 198 DIAZINON v 25 135
approaching the 9th power of age) is compatible with accumulated environmental participant obtained in interview and &= @ | - PUR only methods. pesticides was required by law In 10 1991 10M15520803 G 216 DIMETHOATE N 0 "0
. . , : ) ] 10 1994 10M15520E03 G 231 DIURON Vv 16 8.4
exposure. questionnaire was manually geo-coded e e California. The law was later o 1990 1oMisSIoR0s G s hiomrvRios b2 305 401000
ObjECtiVES using Google Earth®. 5 o S et e £ 2 | extended to cover all pesticides in 10 1995 10M15S20E03 G 259 ENDOSULFAN v 64 80
L . . . . . The figure on the left shows an example to R Lo g il al ' How it works 1990. 10 1994 I0WMES0ER 6 30 CIBBERELLINS ! e
® Show that historical ambient pesticide exposure may be associated with the risk of 5 P Y, VSR | _ , ——— E The pesticide applications are 10 199 10MI5S20603 G 342 ISOPROPYLALCOHOL  F 2> o0oss
~1336,'loyd'St, BakersfieldNCA 93307 ; p pp
gEO-COde 8 e e - | ® First calculate the denSlty of the A - - 10 1975 10MI5520E03 G 342 ISOPROPYLALCOHOL  V 158  8.919075
prostate cancer. “336 Lloyd St. Bakersfield, CA 93307 -y : hemical ied in the PLSS vion | JE T reported according to the Public
. . . . . . . . o) . Bakersftie e : chemical a led In e section ) 10 1978 10M15520E03 G 369 MANEB D12 18  79.8275
@ Show that historical residential and PUR/LU data provides substantial reduction in Th )I/t' iatitud oi ongitud | - 3 hased PFl)JpR q Land Survey System , which has a 10 1990 10MISS20603 G 383 METHOMYL : 10 7.3
. . r . . e resuliting 1atitude andad iongitude values ased on recordas. 1
exposure misclassification in both prostate cancer cases and controls compared to 5 5 resolution of approx. 1 square 10 1981 10MISS20603 G 33 METHOMYL v % 41175
estimates based onIy on current residential are shown under the foot. . . @ Then use GIS tools to calculate the T — mile. The data has been 10 1990 10M15S20E03 G 445 PROPARGITE v 101 139.5
Study Desi s ik B ST actual acreage of application withir clectronicaly avcblsnce 1974, » on onme @ mowne
uay vesign = ;;;q it AR | & LT AR th rom California Department o -
B - 0 B et ¥ Coogle e 500m buffer based on Land-Use - .
® Population based pilot case-control study in Central Valley area. Boinier 35:2¢'1733- W 11550000 47 W) eles 3971t Siceaminglil data. imw ww m - Pesticide Regulation.
® Finall tiolv the d i+ 4 th e bt 0 05 1 The original PUR data were converted to fit the study. including year, chemical names, crop types, areas
Ina y mu Ip y e enSI y an e I:] 1,000-m radius buffer and i1t | 1 | 1 |
000-m ra quantities applied inside the corresponding PLSS squares. The above table shows a small portion of the
actual acreage to obtain the amount eI PUR data used in the study.
The Study Area Of eX Osure - Potential parathion application sites
p Figure 2. Example of exposure from residential proximity to parathion applications using the distance-
The StUdy takes p/ace in Central M th I B .d H c t O cl based and narrow and broad zonal exposure definitions, 1988.
Vaalley of California which is the etny romiae Hal aptan
. . . . E— . . N—S Cl
most agriculturally productive state @ Everything-a-cide. ;C Br ® Fungicide.
in the United states. Growers in the ® Direct gaseous injection. ™ ®@ Applied by sprayers. o The Land Use Survey The GRAPES
gzgtgzlﬂ)f:?;Zﬁgiyo‘]’f;’ig’;c’;zgely ® 70-80% released into atmosphere. ® Dissipates rapidly in the environment.
@ RR=2.3in AG Health Study for ® Probable human carcinogen (Gl). The California Department of Water [ PLss sectonboundary The G’S_based pesticide éxposure N e
annually, roughly a quarter of all Resources performs esudemalparcet evaluation method used in this study is 0 = g | e AT Y=l G
pesticides used in the United States. prostate cancer. ® Demonstrated EDC. ) B Aonce irl licated. To make th = —
, Cl countywide, large-scale surveys of e fairly complicated. To make the exposure Bufer  [so0 A
Fresno, Kern and Tulare counties . . /l\ land use and crop cover every 7—10 = e generation an automated process to T el tmbero
are ranked the top agricultural Simazine N7 N P y W i benefit follow up studies, “GIS-based . =
counties in California by value of Herbicide of Triazi | | years. As an example, for 1388, the — i P . e || A I
® Herbicide or Iriazine class. Pt )\ /K Kern Countv land losest B Fums Residential Ambient Pesticide Exposure o |
. . . . . . . . . . . N N/ N/A“h"‘ ern county ianda-use survey clioses o . = %
production and intensive agricultural pesticide applications. A large proportion of ® Applied to soil (spray) and absorbed through leaves and roots. H H in time was conducted in 1990 (left Software” (GRAPES) was developed. The - vty
residences in these three counties are potentially exposed to pesticides. : . . : . . : : N software is a Visual Basic script running oL =
® May disrupt hypothalamic-pituitary-gonadal or HPG axis in humans, potentially figure) and was readily available in A tware 122 Visu : @ 7] ¥ SiowPras D y
. ini i i unaer Arc environment.
causing changes to hormone levels and developmental delays. digital format (i.e., ArcView GIS Sar ‘ —1
shapefile; ESRI, Redlands, CA). In the _ _
H Secular trend of pesticide exposure within 500m buffer shapefile, fields, vineyards, orchards, 0 - | e m— Kiometers Essentially, GRAPES is an autgmated
Orga nochlorine Group Estimated using GRPAES and 9228 points from registry and other land-use types exist as Figure 1. Agricultural land use, Shafter, Kern County, California, 1390. J; Zg;’g i’) ;Zj’;f;/;is té’;—’ nlvjl’; (;;e dtl)l;)et(;lv i?li-’c;ndjd
® . <
Case-Control Selection ® Group of chemicals. ) contiguous polygons that are Y, lg VI -~ J ﬂﬂ
_ ) Cl Gl 12 _ individually linked to their respective attribute information(e.g., land use type, acreage) in a database LU data to generate complete pesticide _ e ——— -
C Drawing * R | A |a] durial j |'IEI j B 7 O
® |Including Aldrin, BHC :gettz\: Bromide | table. The original land use data does not include PLSS boundary, the figure shows the results after éxposure histqr y that can be used directly — ' ———————
Cases Controls Chlordane, Dicofol, Dieldrin, Dienochlor, Sm‘:’azme integration. in final analysis.
End If Heotachlor Lind 8 , The right figure shows GRAPES in action.
_ , , . L ndosulfan, Heptachlor, Lindane, —Organochlorine
% H|5to|og|ca||y confirmed prostate @ Similar E|Iglbl|lty criterion as cases. Methoxvchlor and Toxaphene
cancer cases diagnosed between July ~ ® 65 years or older, Medicare selection: Contact Y , P ' 6 A
2004 and J 2005 ing i info lists obtained from Medicare, frequency ® Mostare applied through spayers. 4 Results and Conclusion
anda Januar OoCccurring In - . g . . .
, y 5 ’ ® Many have significant toxicity to animals
Cancer Registry. matched to cases by age. cluding h 5
. . . . . INCiudin umans.
® 65 to 74 years old at diagnosis. ® Under 65: “Parcel” selection: Residential info msh , ,
. _ . ] ] ® In California, Aldrin, BHC and Lindane 0 N Methyl Bromide Captan Simazine Organochlorine
* Non_Lat|nO and Lat|no Wh|tes_ ObtalnEd frOm TaX ASSESSOF, ||ﬂk€d to reverse . . When summarized as binary type exposure, the OR for diagnosis year exposure is 2.49 For binary type exposure, the OR for diagnosis year exposure is 2.24 (0.88, 5.72, p = For binary type exposure, the (_)R for diagnosis year exposure is1.90 (0.98, 3.68,p = For binary exposure, the OR for diagnosis year exposure is 1.37 (0.56, 3.33, p = 0.49)
Lo . . . " . ” were 0ff|C|a I |y ba N ned f()r com merC|a| 1970 1975 1980 1985 1990 1995 2000 2005 (1.05,5.94,p = 0.04_); the ORs for exposure summary based on rgsidential history range 0.09). The ORs for history_ type exposure are fairly close, range from 1.42 to 1.64 with 0.06). However,_ the ORs for history type exposure, ranging from 1.08 to 1.19, are very which is not significant and is agreed by life time exposure (OR =1.29 (0.77, 2.1_6, p=
g M ust be res|d|ng N Tu |are’ Fresno and |OO k-u p to Obtaln pe rSOnal InfO, COld Ca | I | ng . . from 1.42 to 1.82 with the OR for 1974-1999 period exposure being 1.82 (1.08, 3.06, p = the OR for 1974-1999 period exposure being 1.64 (0.96, 2.82, p=0.07) close to 1 showing almost no departure from the null (with p values greater than 0.5). 0.32)). However the 1974-1999, 10 years before diagnosis, and 15 years before diagnosis
. . . . .. a pp| |Cat|0n . 0.03). While not significant at the nominal 0.05 level, the ORs for exposure 10 years and Unlike Methyl Bromide, the low-high exposure scheme shows a clear trend with When low-high exposure summary is used, we can see a linear trend similar to Captan. all show significantly higher risk(OR = 1.85 (1.09, 3.11), OR =1.70 (0.99, 2.93), OR =
Kern counties at d|agnos|s_ to assess WhEther the ta rgEt IS E||g|b|e fOr the 15 years before diagnosis are 1.55 (0.92, 2.62, p = 0.10) and 1.59 (0.93, 2.74, p = 0.09), increasing Captan exposure: the ORs for low exposure are close to 1 across the board, For example the OR for low life time exposure is 0.82 (0.47, 1.44) and the OR for high 1.77 (1.01, 3.08), respectively). This finding suggests how recent years exposure greatly
. . . . e respectively. while the ORs for high exposure are higher than 2 showing a significant risk. For life time exposure is 2.03 (0.95, 4.35). influence the results.
. Not usi ng Ra p|d Case’ ||ke|y b|ased StUdy, Statlstlca I Ana IyS|S Whep we use low-high exposure summary (none, !ow, high), however, none of theﬁ results example, the OR for 1974-1999 period with high exposure is 2.29 (1.23, 4.28, overall p = When using low-high exposure summary, the history related exposures show atren_d or
d | f d . 700 | t d are significant. Furthermore, we didn’t see an OR increase from low exposure to high 0.02). increased risk as exposure increases, except for 1974-1999 period exposure for which the
towards earlier Stage oT disease. selecte exposure. low OR and high OR are fairly close (1.71 vs. 1.97).
® 784 selected Th
e model
. The mo del We use d iS unconditional Iogistic re g rESSion . ;I'/zﬁg; 12%0 5ReI2aé|(\)/g risk estimates for prostate cancer with exposure to Methyl Bromide in California’s Central ;’ggge_lz%o?elative risk estimates for prostate cancer with exposure to Captan in California’s Central Valley ;ggge_lz%ogelative risk estimates for prostate cancer with exposure to Simazine in California’s Central Valley 'Cl':zlgllt(raallc\!/.alréile;tci)\geSris;ozstatimates for prostate cancer with exposure to Organic Chlorine Group in California’s
. e o e o Methyl Bromide Captan Simazine Organochlorine Group
. Adjusted for age, ethnlCIty and home pesth'de use. Exposure Type Freguency Crude - Adjusted Exposure Type Freguency Crude - Adjusted Exposure Type Freguency Crude - Adjusted Exposure Type Freguency Crude - Adjusted
. B' d h' h I b d' Control _Case OR L95 U95 p-value OR(*) L95 U95 p-value Control _Case OR L95 U95 p-value OR(*) L9 U95 p-value Control _Case OR L95 U95 p-value OR(*) L9 U95 p-value Control _Case OR L95 U95 p-value OR(*) L9 U95 p-value
|nary exposu re an |g - OW exposure y me |an. DX Year I;xposure DX Year I.Exposure DX Year I;xposure DX Year Fxposure
With a target of 120 cases and 120 controls for the pilot study, 136 cases and 137 controls entered the final ogesed 114 18 100 o ogeed 15 11 10 o ogeed 105 1 10 o ogeed 155 15 100 o
anal SiS Sta e’ I ures be/OW ShOW the Case-ContrO/ diStribUtion b race and age. - - Exposed 8 22 290 124 680 001 249 105 594 0.04 Exposed 7 16 230 091 581 0.08 224 088 572 0.09 Exposed 17 33 210 110 401 0.02 1.90 098 368 0.06 Exposed 9 15 1.64 069 389 026 1.37 056 333 049
4 ge, Jig Y J Five exposure summaries Life time S w5 s 4o 1 s °® 3w 11 ess O w1 14 2m o s °° 1 o sor °% w10z 2 1o se °® 2w 1o s °F wan 8 1 1@ ost 4o °°  1m om sa O
Q
® Diagnosis year only exposure. S Lite Time Lite Time Lite Time Lite Time
Race distribution among cases and controls Age distribution among cases and controls T 10 year prior to DX 2 oed 5 10 . o . e % s 100 . o ot o a0 . T P
g g g . Llfe tlme annual ave rage exposure y p a' Expozed i 52 32 1.22 094 246 0.09 1.2(2) 0.86 234 017 Exposped ‘ jj :3 1.22 090 246 013 1.2(2) 0.84 240 019 Exposped ‘ 62 27 1.(1)2 072 188 054 1.32 066 179 0.75 Expo:ed i jg 82 1.22 0.84 226 021 1.(2)3 077 216 032
W Control M Case  Control ® Case ® Annual average of 1974-1999.  EESEEREEEEEERE 3 [ R I A S D S T
111 ® Annual average from birth to 10 i S~ 1974 - 1509 1974 - 1089 1974 - 1089
49 I I it xissmg 755 ig 1 (_)0 : : 1 (_)0 : : g:]ses)in?)se 953 22 1 (_)O : : 1 (_JO : : g:]ses)in?)se 757 éj 1 (_)0 : : 1 (_)0 : : x:]seS)in?)se 750 4];2 1 C_JO : : 1 (_)0 - -
years befo re dlagnOSIS 1974 1999 Expo:ed i 57 71 1:91 116 315 0.01 1:82 1.08 3.06 0.03 Expo:ed i 39 51 1:76 1.05 297 0.03 1:64 096 282 007 ExpoZed i 55 56 1:22 0.74 202 042 1:11 066 1.86 0.69 Expo:ed i 62 78 2:10 1.26 3.48 0.00 1:85 1.09 311 002
. Annual ave rage from blrth to 15 L(?W 24 32 2.04 1.08 3.87 0.04 2.07 1.07 4.01 0.07 L(.)W 17 11 0.87 0.38 1.98 0.01 0.82 0.35 1.89 0.02 L(.)W 42 34 0.97 0.56 1.71 0.16 0.85 0.48 1.52 0.13 L(.)W 30 36 2.00 1.08 3.71 0.02 1.71 0.91 3.24 0.07
High 33 39 1.81 1.01 3.25 1.63 0.89 3.01 High 22 40 2.45 1.34 4.49 2.29 1.23 4.28 High 13 22 2.04 0.95 4.36 1.99 0.91 4.36 High 32 42 2.19 1.20 3.98 1.97 1.07 3.64
years before dlagnOSIS' ear prior ear prior ear prior ear prior
o l\;)is.singljD : 8 16 - - - - - - o l\/FllissingI;D - 8 16 - - - - - - o l\/FllissingI;D - 8 16 - - - - - - o l\;)issin;3 " 8 16 - -
. . . . S B G A @) D G5 4B gm A o e M @ @n Ao GH b G5 am G e 5 a0 oD 4 @D e on A o e 5 am A mD OO G A O
MISSIng data conSIderatlon L(-)W 33 34 1.39 0.77 2.49 0.09 1.42 0.78 2.60 0.22 L(-)W 19 14 0.92 0.43 1.96 0.05 0.89 0.41 1.93 0.09 L(-)W 48 38 0.90 0.53 1.56 0.09 0.87 0.49 1.54 0.13 L(:)W 33 24 1.12 0.57 2.21 0.01 1.12 0.55 2.25 0.03
High 18 28 2.09 1.06 4.14 1.80 0.87 3.71 High 20 34 2.12 1.13 4.00 2.01 1.04 3.88 High 9 19 2.41 1.02 5.71 2.21 0.92 5.35 High 42 61 2.24 1.26 4.00 2.15 1.18 3.90
0 ® The PUR data we have so far covers 1974 — 1999, for exposure outside this 15 year prior DX 15 year rior DX 15 year prior DX 15 year prior DX
range, we used a semi-LOCF (last observation carried forward) method, i.e. use ogosed 75 s 10 - o ogesed 85 @ 10 o ogosed 71 @ 1o o pesed 5 3 w0 o
Wh'te Non-Wh'te _ _ _ _ _ _ . . Exposed 44 57 1.73 1.03 293 0.04 159 093 274 0.09 Exposed 34 46 1.72 099 297 0.05 1.60 091 283 0.10 Exposed 48 51 1.22 072 205 0.46 119 069 205 054 Exposed 66 78 1.79 104 307 0.03 1.77 101 3.08 0.05
! ! 50 55 55 60 60 65 65 70 70 75 75 80 C|OS€St ava”able PU R/LU data to est|mate the exposu re. L?W 28 38 182 100 331 ., 171 093 317 ., L(.)w 16 13 103 046 229 ., 1.00 044 227 .o L(.)w 40 37 106 060 186 ., 107 060 194 L(.)W 27 23 129 064 260 ., 134 065 276 .-
years Old years Old years Old years Old years Old years Old ] ] High 16 19 159 0.75 3.37 138 0.63 3.02 High 18 33 233 121 449 216 1.08 4.30 High 8 14 200 079 5.09 168 065 4.38 High 39 55 214 118 3.86 207 112 382
. There are mISSIng years Of exposure Caused by unknown/unreported addresses' For *: Adjusted for age, ethnicity and home pesticide use *: Adjusted for age, ethnicity and home pesticide use *: Adjusted for age, ethnicity and home pesticide use *: Adjusted for age, ethnicity and home pesticide use
th is Situatio n We used AVY (ave rage Va I id yea r.) mEth Od tO Obta i n the a n n ual 1: Low exposure: > 0 and < 3 pounds; High exposure: = 3 pounds 1: Low exposure: > 0 and < 0.5 pounds; High exposure: = 0.5 pounds 1: Low exposure: > 0 and < 3 pounds; High exposure: = 3 pounds 1: Low exposure: > 0 and < 1 pounds; High exposure: = 1 pounds
average, i.e. calculate the average from those years where exposure estimates are
available.
. . h, i
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