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Appendix A:  R Code to Produce Figures and Analyses 

R is an open source statistics and graphics package available at https://www.r-project.org/.  The R code below requires 
the EnvStats package.  If you do not have EnvStats already installed, then type the following in the R command window: 

install.packages("EnvStats") 

and follow the directions.  Once EnvStats is installed, type the following in the R command window: 

library("EnvStats") 

 

Create Figure 1 

set.seed(432) 
x.orig <- rnorm(40, mean = 10, sd = 5) 
cen <- x.orig < 6 
x <- x.orig 
x[cen] <- 6 
 
png(file = "Figure 01.png", width = 2400, height = 2400, res = 300) 
par(mfrow = c(2, 2), cex = 1, mgp = c(2.25, 0.75, 0)) 
par(mar = c(3.5, 3.5, 1.1, 0.1) + 0.1) 
 
# Figure 1a - Q-Q plot for original data 
#--------------------------------------- 
qqPlot(x.orig, add.line = TRUE, ylim = c(0, 40),  
 xlab = "Quantiles of N(0, 1)", ylab = "Quantiles of Concentration", 
 points.col = "blue", main = "") 
 
mtext("a)", line = 0) 
 
#==================== 
 
# Figure 1b - Throw away non-detects 
#----------------------------------- 
qqPlot(x[!cen], add.line = TRUE, ylim = c(0, 40),  
 points.col = "blue", xlab = "Quantiles of N(0, 1)",  
 ylab = "Quantiles of Concentration", main = "") 
 
mtext("b)", line = 0) 
 
#==================== 
 
# Figure 1c - Set non-detects to the detection limit 
#--------------------------------------------------- 
qqPlot(x, add.line = TRUE, ylim = c(0, 40), points.col = "blue",  
 xlab = "Quantiles of N(0, 1)",  
 ylab = "Quantiles of Concentration", main = "") 
 
mtext("c)", line = 0) 
 
#==================== 

https://www.r-project.org/
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# Figure 1d - Censored Q-Q plot based on what USEPA (2009) suggests 
#------------------------------------------------------------------ 
qqPlotCensored(x, cen, add.line = TRUE, prob.method = "modified kaplan-meier", 
 ylim = c(0, 40), points.col = "blue", xlab = "Quantiles of N(0, 1)", 
 ylab = "Quantiles of Concentration", main = "") 
 
mtext("d)", line = 0) 
 
dev.off() 

Goodness-of-Fit Tests for Data in Figure 1 

# Figure 1b - Throw away non-detects 
#----------------------------------- 
gofTest(x[!cen]) 
 
#==================== 
 
# Figure 1c - Set non-detects to the detection limit 
#--------------------------------------------------- 
gofTest(x) 
 
#==================== 
 
# Figure 1d – Account for censored data 
#-------------------------------------- 
gofTestCensored(x, cen, test = "sw") 
 
#==================== 
 
rm(x.orig, cen, x) 

Create Figures in Appendix B 

Create a Function that Will Perform the Simulations 

simRosnerNumOut <- function(dist = "Normal", mean = 10, cv = 0.5,  
 n = 50, prop.cen = 0, set.cen = "half.DL", N.sim = 5000, seed = NULL,  
 k = 10, alpha = 0.05, warn = TRUE, conf.level = 0.95) { 
 
 require(EnvStats) 
 
 dist <- match.arg(dist, c("Normal", "Gamma", "Lognormal")) 
 dist.arg <- switch(dist,  
  Normal = "norm",  
  Gamma = "gammaAlt",  
  Lognormal = "lnormAlt") 
 
 set.cen <- match.arg(set.cen, c("half.DL", "ignore")) 
 
      if(!(is.numeric(prop.cen) && length(prop.cen == 1) &&  
  prop.cen >= 0 && prop.cen < 1)) 
  stop(paste("'prop.cen' must be a numeric scalar",  
   "greater than or equal to 0 and less than 1")) 
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 if(!is.null(seed))  
  set.seed(seed) 
 
 num.out.vec <- rep(0, N.sim) 
 
 if(dist.arg == "norm") { 
  sd <- mean * cv 
  param.list <- list(mean = mean, sd = sd) 
 } 
 else { 
  param.list <- list(mean = mean, cv = cv) 
 } 
 
 cen <- prop.cen > 0 
 if(cen) { 
  DL <- do.call(paste("q", dist.arg, sep = ""),  
   args = c(list(p = prop.cen), param.list)) 
  if(set.cen == "half.DL")  
   half.DL <- DL/2 
 } 
 
 for(i in 1:N.sim) { 
  x <- sort( 
   do.call(paste("r", dist.arg, sep = ""),  
    args = c(list(n = n), param.list)) 
  ) 
 
  if(cen) { 
   if(set.cen == "half.DL")  
    x[x < DL] <- half.DL 
   else x <- x[x >= DL] 
  } 
 
  rosner.list <- rosnerTest(x, k = k, alpha = alpha, warn = warn) 
  n.out <- rosner.list$n.outliers 
 
  if(n.out > 0) { 
   num.out.vec[i] <- sum( 
    with(rosner.list$all.stats,  
     Outlier & (Obs.Num %in% ((n-k+1):n)) 
    ) 
   ) 
  } 
 } 
 
 out.table <- tabulate(num.out.vec + 1, nbins = k + 1) 
 names(out.table) <- 0:k 
 
 pct.out.table <- 100 * out.table / N.sim 
 
 ebinom.list <- ebinom(sum(out.table[-1]), N.sim,  
  ci = TRUE, conf.level = conf.level) 
 type.I.error <- c(type.I = ebinom.list$parameters["prob"],  
  ebinom.list$interval$limits, conf.level = conf.level) 
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 ret.list <- list(dist = dist, params = c(mean = mean, cv = cv),  
  n = n, alpha = alpha, k = k,  
  out.table = out.table, pct.out.table = pct.out.table,  
  type.I.error = type.I.error,  
  N.sim = N.sim, seed = seed) 
 
 if(prop.cen > 0)  
  ret.list <- append(ret.list,  
   list(prop.cen = prop.cen, set.cen = set.cen),  
   after = 3) 
 
 ret.list 
} 

Run Simulations to Create the Data for Figures B1 and B2 

dist       <- c("Normal", "Normal", "Gamma", "Gamma", "Lognormal", "Lognormal") 
dist.mean  <- rep(10, 6) 
dist.cv    <- c(0.5,  0.5, 0.5, 1,   0.5, 1) 
alpha      <- c(0.05, 0.1, 0.1, 0.1, 0.1, 0.1) 
n          <- rep(50, 6) 
k          <- rep(10, 6) 
N.sim      <- rep(5000, 6) 
seed       <- c(587, 522, 877, 902, 432, 271) 
 
n.out.list <- mapply(simRosnerNumOut,  
 dist = dist, mean = dist.mean, cv = dist.cv, alpha = alpha, n = n, k = k,  
 N.sim = N.sim, seed = seed, SIMPLIFY = FALSE, USE.NAMES = FALSE) 
 
type.I.error.mat <- sapply(n.out.list, function(x) x$type.I.error) 
 
out.df <- data.frame( 
 dist = dist,  mean = dist.mean, cv = dist.cv,  
 alpha = alpha, n = n, k = k,  
 N.sim = N.sim, seed = seed,  
 t(type.I.error.mat)) 
 
Num.Outliers.list <- list(out.df = out.df,  
 out.table = lapply(n.out.list, function(x) x$out.table), 
 pct.out.table = lapply(n.out.list, function(x) x$pct.out.table) 
) 
 
rm(dist, dist.mean, dist.cv, alpha, n, k, N.sim, seed,  
 n.out.list, type.I.error.mat, out.df) 

Create Figure B1 

png(file = "Figure B1 - Dist of Num Outliers by Rosner Test.png",  
 width = 2400, height = 2400, res = 300) 
 
par(mfrow = c(3, 2), cex = 1, mgp = c(2, 0.5, 0)) 
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mar.list <- list( 
 c(2.1, 3.1, 1.2, 0.2), 
 c(2.1, 2.1, 1.2, 0.2), 
 c(2.1, 3.1, 1.2, 0.2), 
 c(2.1, 2.1, 1.2, 0.2), 
 c(3.1, 3.1, 1.2, 0.2), 
 c(3.1, 2.1, 1.2, 0.2) 
) 
 
cex.vec   <- c(rep(1, 4), rep(0.95, 2)) 
 
label.vec <- paste(letters[1:6], ")", sep = "") 
 
for (i in 1:6) { 
 par(mar = mar.list[[i]], cex = cex.vec[i]) 
 
 barplot(Num.Outliers.list$pct.out.table[[i]],  
  col = "cyan",  
  ylim = c(0, 100),  
  xlab = "",  
  ylab = "Percent of Simulations", main = "") 
 
 mtext(label.vec[i], line = 0) 
} 
 
dev.off() 
 
rm(mar.list, cex.vec, label.vec, i) 

Display Type I Errors Associated with Figure B1 

type.I.df <- Num.Outliers.list$out.df[,  
 c("dist", "mean", "cv", "alpha", "type.I.prob", "LCL", "UCL")] 
 
type.I.df 

Create Figure B2 

png(file = " Figure B2 - Type I Error for Rosner Test.png",  
 width = 2400, height = 2400, res = 300) 
 
par(mar = c(4.5, 4, 0.1, 3) + 0.1) 
 
group <- 1:6 
 
errorBar(group, type.I.df[, "type.I.prob"],  
 lower = type.I.df[, "LCL"],  
 upper = type.I.df[, "UCL"],  
 incr = FALSE, gap = FALSE, bar.ends.size = 0.5,  
 xaxt = "n", pch = 16, col = "blue",  
 ylim = c(0, 1),  
 xlab = "", ylab = "Observed Upper Type I Error for Rosner Test") 
 
axis(1, at = group, labels = rep("", 6)) 
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mtext(text = paste("CV=", type.I.df[, "cv"], sep = ""),  
 side = 1, at = group, line = 1) 
 
for(i in 1:6) { 
 mtext(text = substitute(list(alpha) == list(x),  
  list(x = type.I.df[i, "alpha"])), 
 side = 1, at = i, line = 2) 
} 
 
mtext(text = unique(type.I.df[, "dist"]),  
 side = 1, at = c(1.5, 3.5, 5.5), line = 3.25, cex = 1.2) 
 
abline(h = 0.05, lty = 2, col = "dark gray") 
 
abline(v = c(2.5, 4.5), col = "dark gray") 
 
axis(4, at = 0.05, las = 2) 
 
dev.off() 
 
rm(type.I.df, group, i) 

Run Simulations to Create the Data for Figures B3 and B4 

dist       <- c("Normal", "Normal", "Gamma", "Gamma", "Lognormal", "Lognormal") 
dist.mean  <- rep(10, 6) 
dist.cv    <- rep(0.5, 6) 
prop.cen   <- rep(0.1, 6) 
set.cen    <- rep(c("half.DL", "ignore"), 3) 
alpha      <- rep(0.1, 6) 
n          <- rep(50, 6) 
k          <- rep(10, 6) 
N.sim      <- rep(5000, 6) 
seed       <- c(785, 225, 778, 209, 234, 172) 
 
n.out.list <- mapply(simRosnerNumOut,  
 dist = dist, mean = dist.mean, cv = dist.cv,  
 prop.cen = prop.cen, set.cen = set.cen,  
 alpha = alpha, n = n, k = k, N.sim = N.sim, seed = seed,  
 SIMPLIFY = FALSE, USE.NAMES = FALSE) 
 
type.I.error.mat <- sapply(n.out.list, function(x) x$type.I.error) 
 
out.df <- data.frame(dist = dist, mean = dist.mean, cv = dist.cv,  
 prop.cen = prop.cen, set.cen = set.cen, alpha = alpha, n = n, k = k,  
 N.sim = N.sim, seed = seed, t(type.I.error.mat)) 
 
Num.Outliers.10.Pct.Cen.list <- list(out.df = out.df,  
 out.table = lapply(n.out.list, function(x) x$out.table), 
 pct.out.table = lapply(n.out.list, function(x) x$pct.out.table) 
) 
 
rm(dist, dist.mean, dist.cv, prop.cen, set.cen,  
 alpha, n, k, N.sim, seed, n.out.list, type.I.error.mat, out.df) 
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Create Figure B3 

png(file = "Figure B3 - Dist Num Outliers by Rosner Test, 10 Pct Censoring.png",  
 width = 2400, height = 2400, res = 300) 
 
par(mfrow = c(3, 2), cex = 1, mgp = c(2, 0.5, 0)) 
 
mar.list <- list( 
 c(2.1, 3.1, 1.2, 0.2), 
 c(2.1, 2.1, 1.2, 0.2), 
 c(2.1, 3.1, 1.2, 0.2), 
 c(2.1, 2.1, 1.2, 0.2), 
 c(3.1, 3.1, 1.2, 0.2), 
 c(3.1, 2.1, 1.2, 0.2) 
) 
 
cex.vec   <- c(rep(1, 4), rep(0.95, 2)) 
 
label.vec <- paste(letters[1:6], ")", sep = "") 
 
for (i in 1:6) { 
 par(mar = mar.list[[i]], cex = cex.vec[i]) 
 
 barplot(Num.Outliers.10.Pct.Cen.list$pct.out.table[[i]],  
  col = "cyan",  
  ylim = c(0, 100),  
  xlab = "",  
  ylab = "Percent of Simulations", main = "") 
 
 mtext(label.vec[i], line = 0) 
} 
 
dev.off() 
 
rm(mar.list, cex.vec, label.vec, i) 

Display Type I Errors Associated with Figure B3 

type.I.df <- Num.Outliers.10.Pct.Cen.list$out.df[,  
 c("dist", "mean", "cv", "prop.cen", "set.cen", "alpha",  
 "type.I.prob", "LCL", "UCL")] 
 
type.I.df 

Create Figure B4 

png(file = "Figure B4 - Type I Error for Rosner Test, 10 Pct Censoring.png",  
 width = 2400, height = 2400, res = 300) 
 
par(mar = c(3.5, 4, 0.1, 3) + 0.1) 
 
set.cen <- as.character(type.I.df[, "set.cen"]) 
set.cen <- ifelse(set.cen == "half.DL", "DL/2", "Ignore") 
 
group <- 1:6 
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errorBar(group, type.I.df[, "type.I.prob"],  
 lower = type.I.df[, "LCL"],  
 upper = type.I.df[, "UCL"],  
 incr = FALSE, gap = FALSE, bar.ends.size = 0.5,  
 xaxt = "n", pch = 16, col = "blue",  
 ylim = c(0, 1),  
 xlab = "", ylab = "Observed Upper Type I Error for Rosner Test") 
 
axis(1, at = group, labels = rep("", 6)) 
 
mtext(text = set.cen, side = 1, at = group, line = 1) 
 
mtext(text = unique(type.I.df[, "dist"]),  
 side = 1, at = c(1.5, 3.5, 5.5), line = 2.25, cex = 1.2) 
 
abline(h = 0.05, lty = 2, col = "dark gray") 
 
abline(v = c(2.5, 4.5), col = "dark gray") 
 
axis(4, at = 0.05, las = 2) 
 
dev.off() 
 
rm(type.I.df, set.cen, group) 

Create Statistics for Table D1 

# Import the Background area data into the data frame Background.df 
#------------------------------------------------------------------ 
 
Background.df <- read.table( 
 file = "Portland Harbor Background Data, Tab Delimited.txt",  
 sep = "\t", header = TRUE) 
 
 
#========== 
 
# Compute summary statistics separately for detects and nondetects,  
# and run Rosner’s test 
#----------------------------------------------------------------------- 
 
dum.list.Value    <- with(Background.df, split(Value, Analyte)) 
dum.list.Censored <- with(Background.df, split(Censored, Analyte)) 
dum.list.Units    <- with(Background.df, split(Units, Analyte)) 
 
n <- length(dum.list.Value) 
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Background.Rosner.list <- lapply(1:n,  
 function(i) { 
  Unit.i     <- dum.list.Units[[i]][1] 
  Value.i    <- dum.list.Value[[i]] 
  Censored.i <- dum.list.Censored[[i]] 
 
  if(sum(!Censored.i)) { 
   Min.Detects <- min(Value.i[!Censored.i], na.rm = TRUE) 
   Max.Detects <- max(Value.i[!Censored.i], na.rm = TRUE) 
  } 
  else { 
   Min.Detects <- NA 
   Max.Detects <- NA 
  } 
 
  if(sum(Censored.i)) { 
   Min.Nondetects <- min(Value.i[Censored.i], na.rm = TRUE) 
   Max.Nondetects <- max(Value.i[Censored.i], na.rm = TRUE) 
  } 
  else { 
   Min.Nondetects <- NA 
   Max.Nondetects <- NA 
  } 
 
  Min.Max <- c(Min.Nondetects = Min.Nondetects,  
   Max.Nondetects = Max.Nondetects,  
   Min.Detects = Min.Detects,  
   Max.Detects = Max.Detects)  
 
  Value.i[Censored.i] <- Value.i[Censored.i]/2 
  Rosner.list.i <- rosnerTest(Value.i, k = min(10, length(Value.i) - 2)) 
  N.out.i <- Rosner.list.i$n.outliers 
  N.out.index <- Rosner.list.i$all.stats$Outlier 
  out.obs.num <- Rosner.list.i$all.stats$Obs.Num[N.out.index] 
  list(Unit = Unit.i, N = length(Value.i), N.Censored = sum(Censored.i),  
   Min.Max = Min.Max,  
   N.Outliers = N.out.i, Outlier.Obs.Num = out.obs.num,  
   Rosner = Rosner.list.i) 
 } 
) 
 
names(Background.Rosner.list) <- names(dum.list.Value) 
 
rm(dum.list.Value, dum.list.Censored, dum.list.Units, n) 
 
 
#========== 
 
# Now put the statistics into a matrix called Table.D1.df 
#-------------------------------------------------------- 
 
dum.units <- sapply(Background.Rosner.list, function(x) x$Unit) 
dum.Analyte <- names(dum.units) 
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dum.mat <- t(sapply(Background.Rosner.list, function(x) { 
 dum <- unlist(x[c("N", "N.Censored", "N.Outliers")]) 
 c(dum[c("N", "N.Censored")], round(100 * dum["N.Censored"]/dum["N"]),  
  dum["N.Outliers"], x[["Min.Max"]]) 
})) 
 
dimnames(dum.mat)[[2]][3] <- "Pct.Censored" 
 
index <- dum.mat[, "N.Outliers"] != 0 &  
 !(dimnames(dum.mat)[[1]] %in%  
 c('Aldrin', 'Butylbenzyl phthalate',  
  'Dieldrin', 'Dioxin TEQ - Mammals 2006',  
  'gamma-Hexachlorocyclohexane (Lindane)', 'Naphthalene',  
  'Pentachlorophenol', 'PCB TEQ - Mammals 2006',  
  'Total DDT', 'Tributyltin Ion') 
 ) 
 
dum.mat <- dum.mat[index, ] 
dum.units <- dum.units[index] 
dum.Analyte <- dum.Analyte[index] 
 
Table.D1.df <- data.frame(Analyte = dum.Analyte, Unit = dum.units,  
 round(dum.mat, 2)) 
 
rm(dum.units, dum.Analyte, dum.mat, index) 

Create Figure 2 

Update the Data Frame Background.df to Include a Column Indicating Which Observations are Outliers 

n <- nrow(Background.df) 
Background.Analyte <- Background.df$Analyte 
 
Analyte <- names(Background.Rosner.list) 
n.Analytes <- length(Analyte) 
 
Outlier <- rep(FALSE, n) 
 
for(i in 1:n.Analytes) { 
 N.Outliers.i <- Background.Rosner.list[[i]]$N.Outliers 
 if(N.Outliers.i) { 
  Analyte.i <- Analyte[i] 
  index <- Background.Analyte == Analyte.i 
  Outlier.Obs.Num.i <- Background.Rosner.list[[i]]$Outlier.Obs.Num  
  Outlier[index][Outlier.Obs.Num.i] <- TRUE 
 } 
}  
 
Background.w.Outlier.Index.df <- data.frame(Background.df, Outlier) 
 
rm(n, Background.Analyte, Analyte, n.Analytes, Outlier,  
 i, N.Outliers.i, Analyte.i, index, Outlier.Obs.Num.i) 
 
#========== 
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Create the Plots 

#----------------- 
# PCBs as Aroclors 
#----------------- 
 
index    <- Background.w.Outlier.Index.df$Analyte == "Total PCBs (Aroclors)" 
Value    <- Background.w.Outlier.Index.df$Value[index] 
Censored <- Background.w.Outlier.Index.df$Censored[index] 
Outlier  <- Background.w.Outlier.Index.df$Outlier[index] 
Unit <- as.character(Background.w.Outlier.Index.df$Units[index][1]) 
Unit 
RiverMile <- Background.w.Outlier.Index.df$RiverMile[index] 
 
#===== 
 
# Value vs. River Mile 
#--------------------- 
 
plot(RiverMile, Value, type = "n",  
 xlim = c(15, 30),  
 ylim = c(0, 55), 
 xlab = "River Mile",  
 ylab = expression(paste("PCBs (Aroclors) (", mu, "g/kg)"))) 
points(RiverMile[!Censored & Outlier], Value[!Censored & Outlier],  
 col = "red", cex = 1.5 * par("cex")) 
points(RiverMile[!Censored], Value[!Censored]) 
points(RiverMile[Censored], Value[Censored], col = "blue",  
 pch = 5, cex = 0.7 * par("cex")) 
 
 
mtext("a)", line = 0) 
 
#===== 
 
# Censored Lognormal Q-Q plot based on what USEPA (2009) suggests 
#---------------------------------------------------------------- 
qqPlotCensored(Value, Censored, dist = "lnorm",  
 add.line = TRUE,  
 prob.method = "modified kaplan-meier",   
 points.col = "blue",  
 ylim = c(-2, 4),  
 xlab = "Quantiles of N(0, 1)", 
 ylab = "Quantiles of log(PCB)", main = "") 
 
mtext("b)", line = 0) 
 
#===== 
 
#-------- 
# Arsenic 
#-------- 
 
index    <- Background.w.Outlier.Index.df$Analyte == "Arsenic" 
Value    <- Background.w.Outlier.Index.df$Value[index] 
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Censored <- Background.w.Outlier.Index.df$Censored[index] 
sum(Censored) 
 
Outlier  <- Background.w.Outlier.Index.df$Outlier[index] 
Unit <- as.character(Background.w.Outlier.Index.df$Units[index][1]) 
Unit 
 
RiverMile <- Background.w.Outlier.Index.df$RiverMile[index] 
 
#===== 
 
# Value vs. River Mile 
#--------------------- 
 
plot(RiverMile, Value, type = "n",  
 xlim = c(15, 30),  
 ylim = c(0, 6), 
 xlab = "River Mile",  
 ylab = "Arsenic (mg/kg)") 
points(RiverMile[Outlier], Value[Outlier],  
 col = "red", cex = 1.5 * par("cex")) 
points(RiverMile, Value) 
 
mtext("c)", line = 0) 
 
#========== 
 
# Normal Q-Q plot 
#---------------- 
qqPlot(Value, add.line = TRUE, 
 points.col = "blue",   
 ylim = c(0, 6),  
 xlab = "Quantiles of N(0, 1)", 
 ylab = "Quantiles of Arsenic", 
 main = "") 
 
mtext("d)", line = 0) 

Compute Goodness-of-Fit Statistics for the Data Used in Figure 2 

#----------------- 
# PCBs as Aroclors 
#----------------- 
 
index    <- Background.w.Outlier.Index.df$Analyte == "Total PCBs (Aroclors)" 
Value    <- Background.w.Outlier.Index.df$Value[index] 
Censored <- Background.w.Outlier.Index.df$Censored[index] 
 
gofTestCensored(Value, Censored) 
 
gofTestCensored(Value^(1/3), Censored) 
 
gofTestCensored(Value, Censored, dist = "lnorm") 
 
#===== 
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#-------- 
# Arsenic 
#-------- 
 
index    <- Background.w.Outlier.Index.df$Analyte == "Arsenic" 
Value    <- Background.w.Outlier.Index.df$Value[index] 
 
gofTest(Value) 
 
gofTest(Value^(1/3)) 
 
gofTest(Value, dist = "lnorm") 
 
rm(index, Value, Censored) 

Create Figures D1-D17 

pdf(file = "Figures D1-17.pdf") 
par(mar = c(3.5, 3.5, 1.1, 0.1) + 0.1) 
par(mfrow = c(2, 2), cex = 1, mgp = c(2.25, 0.75, 0)) 
 
#========================================================================= 
 
index <- Background.w.Outlier.Index.df$Analyte %in% Table.D1.df$Analyte 
 
dum.df <- Background.w.Outlier.Index.df[index, ] 
 
Analyte <- unique(as.character(dum.df$Analyte)) 
 
n <- length(Analyte) 
 
for(i in 1:n) { 
 Analyte.i <- Analyte[i] 
 index     <- dum.df$Analyte == Analyte.i 
 Value     <- dum.df$Value[index] 
 Censored  <- dum.df$Censored[index] 
 Outlier   <- dum.df$Outlier[index] 
 Unit      <- as.character(dum.df$Units[index][1]) 
 RiverMile <- dum.df$RiverMile[index] 
 
 if(sum(Censored)) { 
  # Value vs. River Mile 
  #--------------------- 
  plot(RiverMile, Value, type = "n",  
   xlim = c(15, 30),  
   ylim = range(pretty(c(0, max(Value)))), 
   xlab = "River Mile",  
   ylab = paste(Analyte.i, " (", Unit, ")", sep = "")) 
  points(RiverMile[!Censored & Outlier], Value[!Censored & Outlier],  
   col = "red", cex = 1.5 * par("cex")) 
  points(RiverMile[!Censored], Value[!Censored]) 
  points(RiverMile[Censored], Value[Censored], col = "blue",  
   pch = 5, cex = 0.7 * par("cex")) 
  mtext("a)", line = 0) 
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#========== 
 
  # Censored Normal Q-Q plot based on what USEPA (2009) suggests 
  #------------------------------------------------------------- 
  qqPlotCensored(Value, Censored, add.line = TRUE,  
   prob.method = "modified kaplan-meier",   
   points.col = "blue",   
   ylim = range(pretty(c(0, max(Value)))),  
   xlab = "Quantiles of N(0, 1)", 
   ylab = "Quantiles of Concentration", main = "") 
   
  mtext("b)", line = 0) 
 
#========== 
 
  # Censored Normal Q-Q plot based on what USEPA (2009) suggests, 
  # using cube root-transformed observations. 
  #------------------------------------------------------------- 
  qqPlotCensored(Value^(1/3), Censored, add.line = TRUE,  
   prob.method = "modified kaplan-meier",   
   points.col = "blue",   
   ylim = range(pretty(range((Value)^(1/3)))),  
   xlab = "Quantiles of N(0, 1)", 
   ylab = expression(paste("Quantiles of  ", Concentration^(1/3))),  
   main = "") 
   
  mtext("c)", line = 0) 
 
#========== 
 
  # Censored Lognormal Q-Q plot based on what USEPA (2009) suggests 
  #---------------------------------------------------------------- 
  qqPlotCensored(log(Value), Censored,   
   add.line = TRUE,  
   prob.method = "modified kaplan-meier",   
   points.col = "blue",  
   ylim = range(pretty(range(log(Value)))),  
   xlab = "Quantiles of N(0, 1)", 
   ylab = "Quantiles of log(Concentration)", main = "") 
   
  mtext("d)", line = 0) 
 } 
 else { 
  # Value vs. River Mile 
  #--------------------- 
  plot(RiverMile, Value, type = "n",  
   xlim = c(15, 30),  
   ylim = range(pretty(c(0, max(Value)))), 
   xlab = "River Mile",  
   ylab = paste(Analyte.i, " (", Unit, ")", sep = "")) 
  points(RiverMile[Outlier], Value[Outlier],  
   col = "red", cex = 1.5 * par("cex")) 
  points(RiverMile, Value) 
  mtext("a)", line = 0) 
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#========== 
 
  # Normal Q-Q Plot:   
  #----------------- 
  qqPlot(Value, add.line = TRUE,  
   points.col = "blue",  
   ylim = range(pretty(c(0, max(Value)))), 
   xlab = "Quantiles of N(0, 1)", 
   ylab = "Quantiles of Concentration", main = "") 
   
  mtext("b)", line = 0) 
 
#========== 
 
  # Cube Root Normal Q-Q plot 
  #-------------------------- 
  qqPlot(Value^(1/3), add.line = TRUE,  
   points.col = "blue",  
   ylim = range(pretty(range((Value)^(1/3)))),  
   xlab = "Quantiles of N(0, 1)", 
   ylab = expression(paste("Quantiles of  ", Concentration^(1/3))),  
   main = "") 
   
  mtext("c)", line = 0) 
 
#========== 
 
  # Lognormal Q-Q plot 
  #------------------- 
  qqPlot(log(Value), add.line = TRUE,  
   points.col = "blue",  
   ylim = range(pretty(range(log(Value)))),  
   xlab = "Quantiles of N(0, 1)", 
   ylab = "Quantiles of log(Concentration)", main = "") 
   
  mtext("d)", line = 0) 
 
 } 
} 
 
dev.off() 
 
#========================================================== 
 
rm(index, dum.df, Analyte, n,  
 i, Analyte.i, Value, Censored, Outlier, Unit, RiverMile) 
 


