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source("tox_proxy.R") 

Data example 
PAH<-c(124,679,31.283,109.788,1965.735,575.459,5280.299,3526.032,3361.911,

2781.375, 
       2859.396,1641.107,3131.570,1243.068,2050.682) 
names(PAH)<-c("Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","Chr","BbjF"

,"BkF","BaP","Ip","BghiP","DbahA") 
 
TME<-   c(1.06,10.12,60.79,14.05,49.81,38.86) 

names(TME)<-c("Cd","Cr","Cu","Ni","Pb","Zn") 
 
PCB<-c(121,324,87,154,79,54,61) 

names(PCB)<-c("PCB28","PCB52","PCB101","PCB118","PCB138","PCB153","PCB180"
) 
 

data_contam_example<-list(PAH=PAH,PCB=PCB,TME=TME) 
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PAHfun=function(PAH,TOC){ 
   

  if(is.na(TOC)){ 
     
    TEC_PAH<-c(176,6.7,77.4,176,57.2,423,195,108,166,240,240,150,170,33,20

0) 
    names(TEC_PAH)<-c("Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","Chr
","BbjF","BkF","BaP","Ip","BghiP","DbahA") 

     
    TEC<-data.frame(round(PAH/TEC_PAH,4));names(TEC)<-c("TEC") 
    SUM_TEC<-sum(TEC) 

    MQ_TEC<-colMeans(TEC) 
     
    PEC_PAH<-c(561,128,536,561,845,2230,1520,1050,1290,13400,13400,1450,32

00,135,3200) 
    names(PEC_PAH)<-c("Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","Chr
","BbjF","BkF","BaP","Ip","BghiP","DbahA") 

     
    PEC<-data.frame(round(PAH/PEC_PAH,4));names(PEC)<-c("PEC") 
    SUM_PEC<-sum(PEC) 
    MQ_PEC<-colMeans(PEC) 

     
    TOT_PAH<-c(1610,22800) 
    TOT<-round(sum(PAH)/TOT_PAH,4) 
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    Flu_Ant_Phe_Fla_d_PAH<-round(sum(PAH[c("Flu","Ant","Phe","Fla")])/sum(
PAH),3) 
    Ip_d_Ip_BghiP<-round(sum(PAH["Ip"])/sum(PAH[c("Ip","BghiP")]),3) 

    Fla_Phe_Pyr_d_PAH<-round(sum(PAH[c("Fla","Phe","Pyr")])/sum(PAH),3) 
    BaP_d_BghiP<-round(sum(PAH["BaP"])/sum(PAH["BghiP"]),3) 
    Fla_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH<-round(sum(PAH[c("Fla","Py

r","BaA","Chr","BkF","BbjF","BaP","Ip","BghiP")])/sum(PAH),3) 
    Flu_d_Flu_Pyr<-round(sum(PAH["Flu"])/sum(PAH[c("Flu","Pyr")]),3) 
    Fla_d_Pyr<-round(sum(PAH["Fla"])/sum(PAH["Pyr"]),3) 

    BaA_d_BaA_Chr<-round(sum(PAH["BaA"])/sum(PAH[c("BaA","Chr")]),3) 
    Phe_d_Ant<-round(sum(PAH["Phe"])/sum(PAH["Ant"]),3) 
    BaA_d_Chr<-round(sum(PAH["BaA"])/sum(PAH["Chr"]),3) 

    BbjF_d_BkF<-round(sum(PAH["BbjF"])/sum(PAH["BkF"]),3) 
    BbjF_d_m178<-round(sum(PAH["BbjF"])/178,3) 
    Fla_d_Fla_Pyr<-round(sum(PAH["Fla"])/sum(PAH[c("Fla","Pyr")]),3) 

    Nap_Ace_Flu_Phe_Ant_d_Fla_Pyr_BaA_Chr_BbjF_BkF_BaP<-round(sum(PAH[c("N
ap","Ace","Flu","Phe","Ant")])/sum(PAH[c("Fla","Pyr","BaA","Chr","BbjF","B
kF","BaP")]),3) 

     
    ratios<-data.frame(c(Flu_Ant_Phe_Fla_d_PAH=Flu_Ant_Phe_Fla_d_PAH,Ip_d_
Ip_BghiP=Ip_d_Ip_BghiP,Fla_Phe_Pyr_d_PAH=Fla_Phe_Pyr_d_PAH,BaP_d_BghiP=BaP

_d_BghiP, 
                         Fla_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH=Fla_P
yr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH,Flu_d_Flu_Pyr=Flu_d_Flu_Pyr, 

                         Fla_d_Pyr=Fla_d_Pyr,BaA_d_BaA_Chr=BaA_d_BaA_Chr,P
he_d_Ant=Phe_d_Ant,BaA_d_Chr=BaA_d_Chr,BbjF_d_BkF=BbjF_d_BkF,BbjF_d_m178=B
bjF_d_m178, 

                         Fla_d_Fla_Pyr=Fla_d_Fla_Pyr,Nap_Ace_Flu_Phe_Ant_d
_Fla_Pyr_BaA_Chr_BbjF_BkF_BaP=Nap_Ace_Flu_Phe_Ant_d_Fla_Pyr_BaA_Chr_BbjF_B
kF_BaP));names(ratios)<-"Value"  

  } 
  else 
    { 

      PAH2<-PAH/TOC 
       
      TEC_PAH<-c(176,6.7,77.4,176,57.2,423,195,108,166,240,240,150,170,33,

200) 
      names(TEC_PAH)<-c("Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","C
hr","BbjF","BkF","BaP","Ip","BghiP","DbahA") 

       
      TEC<-data.frame(round(PAH2/TEC_PAH,4));names(TEC)<-c("TEC") 
      SUM_TEC<-sum(TEC) 

      MQ_TEC<-colMeans(TEC) 
       
      PEC_PAH<-c(561,128,536,561,845,2230,1520,1050,1290,13400,13400,1450,

3200,135,3200) 
      names(PEC_PAH)<-c("Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","C
hr","BbjF","BkF","BaP","Ip","BghiP","DbahA") 

       
      PEC<-data.frame(round(PAH2/PEC_PAH,4));names(PEC)<-c("PEC") 
      SUM_PEC<-sum(PEC) 

      MQ_PEC<-colMeans(PEC) 
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      TOT_PAH<-c(1610,22800) 

      TOT<-round(sum(PAH2)/TOT_PAH,4) 
       
      Flu_Ant_Phe_Fla_d_PAH<-round(sum(PAH2[c("Flu","Ant","Phe","Fla")])/s

um(PAH2),3) 
      Ip_d_Ip_BghiP<-round(sum(PAH2["Ip"])/sum(PAH2[c("Ip","BghiP")]),3) 
      Fla_Phe_Pyr_d_PAH<-round(sum(PAH2[c("Fla","Phe","Pyr")])/sum(PAH2),3

) 
      BaP_d_BghiP<-round(sum(PAH2["BaP"])/sum(PAH2["BghiP"]),3) 
      Fla_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH<-round(sum(PAH2[c("Fla",

"Pyr","BaA","Chr","BkF","BbjF","BaP","Ip","BghiP")])/sum(PAH2),3) 
      Flu_d_Flu_Pyr<-round(sum(PAH2["Flu"])/sum(PAH2[c("Flu","Pyr")]),3) 
      Fla_d_Pyr<-round(sum(PAH2["Fla"])/sum(PAH2["Pyr"]),3) 

      BaA_d_BaA_Chr<-round(sum(PAH2["BaA"])/sum(PAH2[c("BaA","Chr")]),3) 
      Phe_d_Ant<-round(sum(PAH2["Phe"])/sum(PAH2["Ant"]),3) 
      BaA_d_Chr<-round(sum(PAH2["BaA"])/sum(PAH2["Chr"]),3) 

      BbjF_d_BkF<-round(sum(PAH2["BbjF"])/sum(PAH2["BkF"]),3) 
      BbjF_d_m178<-round(sum(PAH2["BbjF"])/178,3) 
      Fla_d_Fla_Pyr<-round(sum(PAH2["Fla"])/sum(PAH2[c("Fla","Pyr")]),3) 

      Nap_Ace_Flu_Phe_Ant_d_Fla_Pyr_BaA_Chr_BbjF_BkF_BaP<-round(sum(PAH2[c
("Nap","Ace","Flu","Phe","Ant")])/sum(PAH2[c("Fla","Pyr","BaA","Chr","BbjF
","BkF","BaP")]),3) 

       
      ratios<-data.frame(c(Flu_Ant_Phe_Fla_d_PAH=Flu_Ant_Phe_Fla_d_PAH,Ip_
d_Ip_BghiP=Ip_d_Ip_BghiP,Fla_Phe_Pyr_d_PAH=Fla_Phe_Pyr_d_PAH,BaP_d_BghiP=B

aP_d_BghiP, 
                           Fla_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH=Fla
_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH,Flu_d_Flu_Pyr=Flu_d_Flu_Pyr, 

                           Fla_d_Pyr=Fla_d_Pyr,BaA_d_BaA_Chr=BaA_d_BaA_Chr
,Phe_d_Ant=Phe_d_Ant,BaA_d_Chr=BaA_d_Chr,BbjF_d_BkF=BbjF_d_BkF,BbjF_d_m178
=BbjF_d_m178, 

                           Fla_d_Fla_Pyr=Fla_d_Fla_Pyr,Nap_Ace_Flu_Phe_Ant
_d_Fla_Pyr_BaA_Chr_BbjF_BkF_BaP=Nap_Ace_Flu_Phe_Ant_d_Fla_Pyr_BaA_Chr_BbjF
_BkF_BaP));names(ratios)<-"Values"  

    } 
   
  results<-round(c(SUM_TEC,MQ_TEC,SUM_PEC,MQ_PEC,TOT),4);names(results)<-c

("SUM_TEC","MQ_TEC","SUM_PEC","MQ_PEC","TOT_PAH_TEC","TOT_PAH_PEC") 
   
  list(Risk_eco=data.frame(results=results),onePAH=data.frame(TEC_PAH,PEC_

PAH),Ratios=data.frame(ratios)) 
} 
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PCBfun=function(PCB, TOC,consider_all_PCB){ 
   

if(consider_all_PCB==TRUE){ 
   
  PCB2<-PCB*2 

   
  if(is.na(TOC)){ 
    #total PCB TEC and PEC 

    TOT_PCB<-c(59.8,676) 
    results<-c(round(c(sum(PCB2),sum(PCB2)/TOT_PCB),3), 
    round(sum(PCB2[c("PCB28","PCB52")])/sum(PCB2[c("PCB28","PCB52","PCB138

","PCB153","PCB180")]),3),round(sum(PCB[c("PCB28","PCB52")])/sum(PCB),3)) 
    names(results)<-c("TOT_PCB","TOT_PCB_TEC","TOT_PCB_PEC","LH_excl_101_1
18","LH") 

   
  }else 
    {  

    PCB3<-PCB2/TOC 
    TOT_PCB<-c(59.8,676) 
    results<-c(round(c(sum(PCB3),sum(PCB3)/TOT_PCB),3), 

               round(sum(PCB3[c("PCB28","PCB52")])/sum(PCB3[c("PCB28","PCB
52","PCB138","PCB153","PCB180")]),3),round(sum(PCB[c("PCB28","PCB52")])/su
m(PCB),3)) 

    names(results)<-c("TOT_PCB","TOT_PCB_TEC","TOT_PCB_PEC","LH_excl_101_1
18","LH") 
     

     } 
   
}else 

  { 
     
  if(is.na(TOC)){ 

    TOT_PCB<-c(59.8,676) 
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    results<-c(round(c(sum(PCB),sum(PCB)/TOT_PCB),3), 

               round(sum(PCB[c("PCB28","PCB52")])/sum(PCB[c("PCB28","PCB52
","PCB138","PCB153","PCB180")]),3),round(sum(PCB[c("PCB28","PCB52")])/sum(
PCB),3)) 

    names(results)<-c("TOT_PCB","TOT_PCB_TEC","TOT_PCB_PEC","LH_excl_101_1
18","LH") 
     

  }else 
    { 
      PCB4<-PCB/TOC 

      TOT_PCB<-c(59.8,676) 
      results<-c(round(c(sum(PCB4),sum(PCB4)/TOT_PCB),3), 
                 round(sum(PCB4[c("PCB28","PCB52")])/sum(PCB4[c("PCB28","P

CB52","PCB138","PCB153","PCB180")]),3),round(sum(PCB[c("PCB28","PCB52")])/
sum(PCB),3)) 
      names(results)<-c("TOT_PCB","TOT_PCB_TEC","TOT_PCB_PEC","LH_excl_101

_118","LH") 
       
  } 

  } 
  return(data.frame(results=results)) 
} 

TMEfun=function(TME,TOC){ 

   
  if(is.na(TOC)){ 
TEC_TME<-c(0.99,43.4,31.6,22.7,35.8,121);names(TEC_TME)<-c("Cd","Cr","Cu",

"Ni","Pb","Zn") 
TEC<-data.frame(round(TME/TEC_TME,3));names(TEC)<-c("TEC") 
SUM_TEC<-round(sum(TEC),3) 

MQ_TEC<-round(colMeans(TEC),3) 
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PEC_TME<-c(4.98,111,149,48.6,128,459);names(PEC_TME)<-c("Cd","Cr","Cu","Ni
","Pb","Zn") 
PEC<-data.frame(round(TME/PEC_TME,3));names(PEC)<-c("PEC") 

SUM_PEC<-round(sum(PEC),3) 
MQ_PEC<-round(colMeans(PEC),3) 
 

  }else{ 
     
    TME2<-TME/TOC 

     
    TEC_TME<-c(0.99,43.4,31.6,22.7,35.8,121);names(TEC_TME)<-c("Cd","Cr","
Cu","Ni","Pb","Zn") 

    TEC<-data.frame(round(TME2/TEC_TME,3));names(TEC)<-c("TEC") 
    SUM_TEC<-round(sum(TEC),3) 
    MQ_TEC<-round(colMeans(TEC),3) 

     
    PEC_TME<-c(4.98,111,149,48.6,128,459);names(PEC_TME)<-c("Cd","Cr","Cu"
,"Ni","Pb","Zn") 

    PEC<-data.frame(round(TME2/PEC_TME,3));names(PEC)<-c("PEC") 
    SUM_PEC<-round(sum(PEC),3) 
    MQ_PEC<-round(colMeans(PEC),3) 

     
  } 
 

 
  list(Risk_eco=data.frame(SUM_TEC=SUM_TEC,MQ_TEC=MQ_TEC,SUM_PEC=SUM_PEC,M
Q_PEC=MQ_PEC), 

       oneTME=data.frame(data.frame(TEC,PEC))) 
} 
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bioacc=function(contam_sed,contam_orga,TOC,Koc,Kp,CN,TME){ 

   
  BCF<-contam_orga/contam_sed 
   

  LOI<-2.13*TOC 
   
  

  lipid_percent<-20.54+7.24*CN 
   
  if(TME==TRUE){ 

     
     BAF<-(contam_orga/lipid_percent*Kp)/contam_sed 
     BSAF<-(contam_orga/lipid_percent*LOI)/contam_sed 

  }else{ 
    BAF<-(contam_orga/lipid_percent*LOI*Koc)/contam_sed 
    BSAF<-(contam_orga/lipid_percent*LOI)/contam_sed 

  } 
   
  return(data.frame(BCF=BCF,BAF=BAF,BSAF=BSAF))      

} 

H<-c(34.49,26.46,33.39,39.93,25.58,23.31,17.92,36.5,14.8,6.5,2.9,3.3,0.7,1
.1,0.8,0.1,0.1,0.7,1.2,0.4,0.2,0.8) 
logKow<-c(5.67,5.84,6.38,6.74,6.83,6.92,7.36,3.37,3.92,4.18,4.57,4.54,5.22

,5.18,5.91,5.86,5.9,5.9,6.04,6.5,6.5,6.75) 
logKoa<-c(8.03893088020134,8.35133907483222,9.10821892818792,9.86433348993
289,10.0426034375839,9.81681751510067,10.5864777036913,4.8,5.7,6.3,6.7,6.7

,7.5,7.4,8.6,8.6,9.4,9.5,9.2,10.1,9.8,10.6) 
logKoc<-c(1.9845,2.044,2.233,2.359,2.3905,2.422,2.576,1.1795,1.372,1.463,1
.5995,1.589,1.827,1.813,2.0685,2.051,2.065,2.065,2.114,2.275,2.275,2.3625) 
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metrics<-rbind(H,logKow,logKoa,logKoc) 
colnames(metrics)<-c("PCB28","PCB52","PCB101","PCB118","PCB138","PCB153","
PCB180","Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","Chr","BbjF","BkF"

,"BaP","Ip","BghiP","DbahA") 
 
Kp_TME<-c(130,290,50,8,640,110);names(Kp_TME)<-c("Cd","Cr","Cu","Ni","Pb",

"Zn") 
Koc_PCB<-c(192239,284343,2258613,985920,2778701,3418549,9415466);names(Koc
_PCB)<-c("PCB28","PCB52","PCB101","PCB118","PCB138","PCB153","PCB180") 

Koc_PAH<-c(1991,1472,13709,31189,28642,99541,69024,377572,413048,1445440,1
527566,1006932,4055085,2494595,3971915) 
names(Koc_PAH)<-c("Nap","Ace","Flu","Phe","Ant","Fla","Pyr","BaA","Chr","B

bjF","BkF","BaP","Ip","BghiP","DbahA") 
 
 

contaminant_metrics<-list(metrics=metrics,Kp_TME=Kp_TME,Koc_PCB=Koc_PCB,Ko
c_PAH=Koc_PAH) 

distrib=function(data){ 

  library(fitdistrplus) 
  if(which.min(c(fitdist(as.numeric(na.omit(data)),"norm",method="mle")$ai
c, 

                 fitdist(as.numeric(na.omit(data)),"lnorm",method="mle")$a
ic))==1){result<-"normal"} 
  else{result<-"lognormal"} 

  return(result) 
} 
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NDsolve=function(data,LQ, method,reg){ 

  library(MASS) 
   
  if(reg==FALSE){ 

    if(method=="normal") 
    { 
      est<- fitdistr(as.numeric(na.omit(data)),method) 

      res<-rnorm(10000, mean=est$estimate[1], sd=est$estimate[2]) 
      for (i in 1:length(data)){ 
        if(is.na(data[i])){data[i]<-sample(res[which(res<LQ & res>0)],1)} 

      }  
    } 
    if(method=="lognormal") 

    { 
      est<- fitdistr(as.numeric(na.omit(data)),method) 
      res<-rlnorm(10000, meanlog=est$estimate[1], sdlog=est$estimate[2]) 

      for (i in 1:length(data)){ 
        if(is.na(data[i])){data[i]<-sample(res[which(res<LQ & res>0)],1)} 
      }  

    } 
  } 
   

  if(reg==TRUE){ 
    if(method=="normal") 
    { 

      est<- fitdistr(as.numeric(na.omit(data)),method) 
      res<-rnorm(10000, mean=est$estimate[1], sd=est$estimate[2]) 
      Lna<-length(which(is.na(data))) 

      LLQest<-length(res[which(res<LQ & res>0)]) 
      estimpoints<-round(seq(from=1,to=LLQest,by=LLQest/Lna),0) 
      data[c(which(is.na(data)))]<- sort(res[which(res<LQ & res>0)],decrea

sing=T)[estimpoints] 
       
    } 

    if(method=="lognormal") 
    { 
      est<- fitdistr(as.numeric(na.omit(data)),method) 

      res<-rlnorm(10000, meanlog=est$estimate[1], sdlog=est$estimate[2]) 
      Lna<-length(which(is.na(data))) 
      LLQest<-length(res[which(res<LQ & res>0)]) 

      estimpoints<-round(seq(from=1,to=LLQest,by=LLQest/Lna),0) 
      data[c(which(is.na(data)))]<- sort(res[which(res<LQ & res>0)],decrea
sing=T)[estimpoints] 

    } 
  } 
  return(data.frame(data=data)) 

} 
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NDsolveCorr=function(data,LQ, method,reg){ 
  library(MASS) 

   
  if(reg==FALSE){ 
    if(method=="normal") 

    { 
      est<- fitdistr(as.numeric(na.omit(data)),method) 
      res<-rnorm(10000, mean=est$estimate[1]*0.95, sd=est$estimate[2]*1.24

9) 
      for (i in 1:length(data)){ 
        if(is.na(data[i])){data[i]<-sample(res[which(res<LQ & res>0)],1)} 

      }  
    } 
    if(method=="lognormal") 

    { 
      est<- fitdistr(as.numeric(na.omit(data)),method) 
      res<-rlnorm(10000, meanlog=log(exp(est$estimate[1])*0.89), sdlog=log

(exp(est$estimate[2])*1.272)) 
      for (i in 1:length(data)){ 
        if(is.na(data[i])){data[i]<-sample(res[which(res<LQ & res>0)],1)} 

      }  
    } 
  } 

   
  if(reg==TRUE){ 
    if(method=="normal") 

    { 
      est<- fitdistr(as.numeric(na.omit(data)),method) 
      res<-rnorm(10000, mean=est$estimate[1]*0.95, sd=est$estimate[2]*1.24

9) 
      Lna<-length(which(is.na(data))) 
      LLQest<-length(res[which(res<LQ & res>0)]) 

      estimpoints<-round(seq(from=1,to=LLQest,by=LLQest/Lna),0) 
      data[c(which(is.na(data)))]<- sort(res[which(res<LQ & res>0)],decrea
sing=T)[estimpoints] 

    } 
    if(method=="lognormal") 
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    { 

      est<- fitdistr(as.numeric(na.omit(data)),method) 
      res<-rlnorm(10000, meanlog=log(exp(est$estimate[1])*0.89), sdlog=log
(exp(est$estimate[2])*1.272)) 

      Lna<-length(which(is.na(data))) 
      LLQest<-length(res[which(res<LQ & res>0)]) 
      estimpoints<-round(seq(from=1,to=LLQest,by=LLQest/Lna),0) 

      data[c(which(is.na(data)))]<- sort(res[which(res<LQ & res>0)],decrea
sing=T)[estimpoints] 
    } 

  } 
  return(data.frame(data=data)) 
} 

 

 

 

 

source("tox_proxy.R") 

Data available for example for three families of contaminants 

data_contam_example 

## $PAH 
##      Nap      Ace      Flu      Phe      Ant      Fla      Pyr      BaA

  
##  124.000  679.000   31.283  109.788 1965.735  575.459 5280.299 3526.032
  

##      Chr     BbjF      BkF      BaP       Ip    BghiP    DbahA  
## 3361.911 2781.375 2859.396 1641.107 3131.570 1243.068 2050.682  
##  

## $PCB 
##  PCB28  PCB52 PCB101 PCB118 PCB138 PCB153 PCB180  
##    121    324     87    154     79     54     61  

##  
## $TME 
##    Cd    Cr    Cu    Ni    Pb    Zn  

##  1.06 10.12 60.79 14.05 49.81 38.86 

Functions for PAH, PCB and TME 

PAHfun(PAH=data_contam_example$PAH,TOC=2) 

## $Risk_eco 
##              results 
## SUM_TEC     159.7843 

## MQ_TEC       10.6523 
## SUM_PEC      15.0913 
## MQ_PEC        1.0061 

## TOT_PAH_TEC   9.1182 
## TOT_PAH_PEC   0.6439 
##  

## $onePAH 
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##       TEC_PAH PEC_PAH 

## Nap     176.0     561 
## Ace       6.7     128 
## Flu      77.4     536 

## Phe     176.0     561 
## Ant      57.2     845 
## Fla     423.0    2230 

## Pyr     195.0    1520 
## BaA     108.0    1050 
## Chr     166.0    1290 

## BbjF    240.0   13400 
## BkF     240.0   13400 
## BaP     150.0    1450 

## Ip      170.0    3200 
## BghiP    33.0     135 
## DbahA   200.0    3200 

##  
## $Ratios 
##                                                    Values 

## Flu_Ant_Phe_Fla_d_PAH                               0.091 
## Ip_d_Ip_BghiP                                       0.716 
## Fla_Phe_Pyr_d_PAH                                   0.203 

## BaP_d_BghiP                                         1.320 
## Fla_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH         0.831 
## Flu_d_Flu_Pyr                                       0.006 

## Fla_d_Pyr                                           0.109 
## BaA_d_BaA_Chr                                       0.512 
## Phe_d_Ant                                           0.056 

## BaA_d_Chr                                           1.049 
## BbjF_d_BkF                                          0.973 
## BbjF_d_m178                                         7.813 

## Fla_d_Fla_Pyr                                       0.098 
## Nap_Ace_Flu_Phe_Ant_d_Fla_Pyr_BaA_Chr_BbjF_BkF_BaP  0.145 

PAHfun(PAH=data_contam_example$PAH,TOC=NA) 

## $Risk_eco 

##              results 
## SUM_TEC     319.5687 
## MQ_TEC       21.3046 

## SUM_PEC      30.1824 
## MQ_PEC        2.0122 
## TOT_PAH_TEC  18.2365 

## TOT_PAH_PEC   1.2878 
##  
## $onePAH 

##       TEC_PAH PEC_PAH 
## Nap     176.0     561 
## Ace       6.7     128 

## Flu      77.4     536 
## Phe     176.0     561 
## Ant      57.2     845 

## Fla     423.0    2230 
## Pyr     195.0    1520 
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## BaA     108.0    1050 

## Chr     166.0    1290 
## BbjF    240.0   13400 
## BkF     240.0   13400 

## BaP     150.0    1450 
## Ip      170.0    3200 
## BghiP    33.0     135 

## DbahA   200.0    3200 
##  
## $Ratios 

##                                                     Value 
## Flu_Ant_Phe_Fla_d_PAH                               0.091 
## Ip_d_Ip_BghiP                                       0.716 

## Fla_Phe_Pyr_d_PAH                                   0.203 
## BaP_d_BghiP                                         1.320 
## Fla_Pyr_BaA_Chr_BkF_BbjF_BaP_Ip_BghiP_d_PAH         0.831 

## Flu_d_Flu_Pyr                                       0.006 
## Fla_d_Pyr                                           0.109 
## BaA_d_BaA_Chr                                       0.512 

## Phe_d_Ant                                           0.056 
## BaA_d_Chr                                           1.049 
## BbjF_d_BkF                                          0.973 

## BbjF_d_m178                                        15.626 
## Fla_d_Fla_Pyr                                       0.098 
## Nap_Ace_Flu_Phe_Ant_d_Fla_Pyr_BaA_Chr_BbjF_BkF_BaP  0.145 

PCBfun(PCB=data_contam_example$PCB, TOC=2,consider_all_PCB=TRUE) 

##                 results 
## TOT_PCB         880.000 
## TOT_PCB_TEC      14.716 

## TOT_PCB_PEC       1.302 
## LH_excl_101_118   0.696 
## LH                0.506 

PCBfun(PCB=data_contam_example$PCB, TOC=NA,consider_all_PCB=TRUE) 

##                  results 
## TOT_PCB         1760.000 
## TOT_PCB_TEC       29.431 

## TOT_PCB_PEC        2.604 
## LH_excl_101_118    0.696 
## LH                 0.506 

PCBfun(PCB=data_contam_example$PCB,TOC=NA,consider_all_PCB=FALSE) 

##                 results 
## TOT_PCB         880.000 
## TOT_PCB_TEC      14.716 

## TOT_PCB_PEC       1.302 
## LH_excl_101_118   0.696 
## LH                0.506 

TMEfun(TME=data_contam_example$TME,TOC=NA) 
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## $Risk_eco 

##     SUM_TEC MQ_TEC SUM_PEC MQ_PEC 
## TEC   5.559  0.926   1.475  0.246 
##  

## $oneTME 
##      TEC   PEC 
## Cd 1.071 0.213 

## Cr 0.233 0.091 
## Cu 1.924 0.408 
## Ni 0.619 0.289 

## Pb 1.391 0.389 
## Zn 0.321 0.085 

Functions to estimate different factors of bioaccumulation 

bioacc(contam_sed=10,contam_orga=20,TOC=2,Koc=6,Kp=3,CN=5,TME=TRUE) 

##   BCF       BAF      BSAF 
## 1   2 0.1057455 0.1501586 

bioacc(contam_sed=10,contam_orga=20,TOC=2,Koc=6,Kp=3,CN=5,TME=FALSE) 

##   BCF       BAF      BSAF 
## 1   2 0.9009517 0.1501586 

bioacc(contam_sed=10,contam_orga=20,TOC=NA,Koc=6,Kp=NA,CN=5,TME=FALSE) 

##   BCF BAF BSAF 

## 1   2  NA   NA 

bioacc(contam_sed=10,contam_orga=20,TOC=10,Koc=6,Kp=NA,CN=10,TME=FALSE) 

##   BCF      BAF      BSAF 
## 1   2 2.750161 0.4583602 

Functions to estimates values below quantification limits 

# Simulating contamination 

simLN<-rlnorm(500,meanlog=log(10),sdlog=log(1.7)) 
LQ<-10 # Quantification limit  
 

hist(simLN) 
abline(v=LQ,col="red") 
 

#Introduce NA for data below LQ 
simLQLN<-simLN 
simLQLN[which(simLQLN<LQ)]<-NA 

simLQLN 

##   [1]       NA 12.57694 11.38187       NA       NA 10.14636 10.75975 

##   [8] 13.78229 12.80683 14.00674 11.89884       NA 10.47802 14.93692 
##  [15]       NA 18.27329 11.80405 17.56145       NA 19.63245 32.45857 
##  [22]       NA 14.82246 15.47967       NA 20.43778       NA 25.81012 

##  [29] 13.91795       NA       NA 14.57534 19.48989 14.23302 19.18332 
##  [36] 17.85220       NA       NA       NA       NA 12.58156       NA 
##  [43]       NA       NA 13.81996       NA       NA 27.03115 10.15617 

##  [50] 21.17233 11.99605       NA       NA 12.64694       NA       NA 



278 

 

##  [57] 14.76030       NA       NA       NA 10.47694 10.43419       NA 

##  [64]       NA       NA       NA 15.17362 12.55249       NA       NA 
##  [71]       NA       NA       NA 13.39237 15.39454       NA 26.05602 
##  [78]       NA       NA 82.50342       NA       NA 11.70108 23.05078 

##  [85] 17.02738 11.36847       NA 11.04359 20.91439       NA       NA 
##  [92] 15.45721 16.41014       NA 24.47189 15.51369       NA 23.16738 
##  [99] 14.21648 11.37924       NA       NA       NA 10.09080       NA 

## [106] 27.49912 27.74498       NA       NA       NA 16.94362       NA 
## [113] 17.45452 10.36640       NA 33.95449       NA       NA 41.04353 
## [120]       NA 14.38871 10.71151 14.01437 11.56536       NA 14.12743 

## [127]       NA       NA       NA 13.67967 10.69005       NA       NA 
## [134]       NA 10.73822 10.16859 31.28368       NA       NA 14.00560 
## [141]       NA       NA 10.69980 10.73493 21.93612       NA 14.54292 

## [148]       NA 11.46197       NA 17.30615       NA 13.08989       NA 
## [155]       NA 11.50576 11.09855 26.34569       NA       NA 11.50641 
## [162] 15.11480 43.90070       NA 11.38287 14.52470       NA 12.67832 

## [169]       NA       NA 13.42045 16.24026 21.61578 17.25475 29.51618 
## [176] 15.83805       NA       NA       NA 11.52557 10.86067 11.94456 
## [183]       NA 14.55315       NA       NA 11.72421       NA 18.48922 

## [190] 16.12730 13.96677       NA 13.72809       NA 15.36780       NA 
## [197] 23.01772 10.22624       NA       NA 17.52487       NA 13.77417 
## [204]       NA 16.79210 15.14919       NA       NA       NA 13.37699 

## [211]       NA 10.13074       NA       NA 17.78745       NA       NA 
## [218]       NA       NA       NA       NA       NA       NA       NA 
## [225] 11.22770 10.59502 11.97554       NA       NA       NA       NA 

## [232]       NA       NA 11.41991 15.65695 11.15563       NA 17.00018 
## [239]       NA 27.81126 15.70542       NA       NA       NA       NA 
## [246]       NA 29.48264 36.21688 13.03415       NA       NA 16.73899 

## [253]       NA 14.44490       NA       NA       NA       NA 14.15295 
## [260]       NA       NA       NA 17.49673 22.32355       NA 22.26296 
## [267]       NA 32.09285 13.43036 31.10170 22.61785       NA       NA 

## [274] 23.86441       NA       NA       NA 20.92274       NA 15.61600 
## [281] 14.69539       NA       NA 51.94313       NA 13.72469       NA 
## [288] 24.67641       NA       NA 12.81578       NA       NA 20.51253 

## [295]       NA       NA 15.14055       NA 10.29324       NA       NA 
## [302] 15.04972       NA       NA 14.83984       NA 11.95592       NA 
## [309]       NA       NA 10.12833 10.28127       NA 36.07589       NA 

## [316] 13.76202 12.75488 15.05640       NA 24.95201 31.82730 20.17490 
## [323]       NA 11.53477 21.28920       NA       NA 10.34094 14.60613 
## [330]       NA       NA       NA       NA 18.56260       NA       NA 

## [337] 12.75717       NA 36.25692 10.52076       NA       NA 19.18586 
## [344] 18.15602       NA 23.64462 10.96602       NA 14.93237 12.58566 
## [351] 10.88377 11.94815 17.14115       NA       NA       NA       NA 

## [358] 15.45654 13.79104 11.88804       NA 12.76730       NA 12.01074 
## [365] 15.94636       NA 25.33176 11.88432 12.45039       NA 14.40494 
## [372]       NA 29.95729       NA 11.94359 10.91223 11.11793 25.06443 

## [379] 19.00882       NA 12.62685 11.54402       NA 10.51017 15.21281 
## [386] 16.43652 39.75141       NA       NA       NA 15.79083 28.85267 
## [393]       NA       NA       NA 10.84118 14.78229 20.14403       NA 

## [400]       NA       NA       NA 10.98244       NA       NA       NA 
## [407] 18.60627 11.52319       NA 17.51868 11.66105       NA 13.89180 
## [414] 24.64788       NA 16.85296       NA 11.03057 10.84953       NA 

## [421] 20.53742       NA 14.36429 16.79082       NA       NA 15.37801 
## [428] 12.61494 10.72233       NA       NA       NA 13.37736 20.24153 
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## [435]       NA 35.51394       NA       NA       NA 13.13334 12.74592 

## [442] 12.07687       NA 21.77642       NA 10.91083       NA       NA 
## [449] 18.86435 12.43030       NA 14.41380 11.36852 10.66128 12.64971 
## [456]       NA       NA       NA 10.29622 15.23795 10.40065 13.70575 

## [463] 10.02450 31.56408       NA 10.06530       NA 40.27694       NA 
## [470]       NA       NA       NA       NA       NA       NA 14.82127 
## [477] 34.74281       NA 20.88387       NA 14.05370       NA       NA 

## [484] 18.05085 12.77793 15.25932       NA 11.64008       NA       NA 
## [491] 23.67998 11.76954       NA 16.36597 16.44499       NA       NA 
## [498]       NA       NA       NA 

# Estimate the distribution of the data 
distrib(simLQLN) 

## Warning: package 'fitdistrplus' was built under R version 3.5.1 

## Loading required package: MASS 

## Loading required package: survival 

## Loading required package: npsurv 

## Loading required package: lsei 

 

## [1] "lognormal" 

ex1<-NDsolve(simLQLN,LQ=LQ,method="lognormal",reg=FALSE) 
ex2<-NDsolve(simLQLN,LQ=LQ,method="lognormal",reg=TRUE) 

ex3<-NDsolveCorr(simLQLN,LQ=LQ,method="lognormal",reg=FALSE) 
ex4<-NDsolveCorr(simLQLN,LQ=LQ,method="lognormal",reg=TRUE) 
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op <- par(mfrow=c(1,5),mar = c(1,1,0.8,0) + 0.5,mgp = c(1.5, 0.1, 0)) 
 
hist(simLN,xlim=c(0,60),20,ylim=c(0,180),las=1,main="") 

abline(v=LQ,col="red",lwd=1,lty=2) 
hist(ex1$data,xlim=c(0,60),20,ylim=c(0,180),las=1,main="") 
abline(v=LQ,col="red",lwd=1,lty=2) 

hist(ex2$data,xlim=c(0,60),20,ylim=c(0,180),las=1,main="") 
abline(v=LQ,col="red",lwd=1,lty=2) 
hist(ex3$data,xlim=c(0,60),20,ylim=c(0,180),las=1,main="") 

abline(v=LQ,col="red",lwd=1,lty=2) 
hist(ex4$data,xlim=c(0,60),20,ylim=c(0,180),las=1,main="") 
abline(v=LQ,col="red",lwd=1,lty=2) 

 

# Replace values below LQ by 1/2LQ or sqrt(2)*LQ 
simLN_0.5LQ<-simLQLN 

simLN_0.5LQ[which(is.na(simLN_0.5LQ))]<-LQ/2 
 
simLN_sqrt2LQ<-simLQLN 

simLN_sqrt2LQ[which(is.na(simLN_sqrt2LQ))]<-LQ/sqrt(2) 
 
res<-data.frame(c(simLN,ex4$data,simLQLN,simLN_0.5LQ,simLN_sqrt2LQ),rep(c(

"Actual data","LQ estimated logN distr","Data without below LQ","Data 1/2*
LQ","Data LQ/sqrt(2)"),each=500)) 
 

op <- par(mfrow=c(1,1),mar = c(2,2,0.8,1) + 0.5,mgp = c(1.5, 0.1, 0)) 
boxplot(simLN,ex4$data,simLQLN,simLN_0.5LQ,simLN_sqrt2LQ,col="lightblue",c
ex.axis=.5,ylim=c(0,50),cex=.5,las=1, 

        names=c("Actual data","LQ estimated logN distr","Data without belo
w LQ","Data 1/2*LQ","Data LQ/sqrt(2)")) 
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# Assess possible significant differences among the different datasets 

library(pgirmess) 
kruskalmc(res[,1]~res[,2]) 

## Multiple comparison test after Kruskal-Wallis  
## p.value: 0.05  
## Comparisons 

##                                               obs.dif critical.dif 
## Actual data-Data 1/2*LQ                       160.832     115.4900 
## Actual data-Data LQ/sqrt(2)                    36.274     115.4900 

## Actual data-Data without below LQ             533.732     140.8857 
## Actual data-LQ estimated logN distr            33.522     115.4900 
## Data 1/2*LQ-Data LQ/sqrt(2)                   197.106     115.4900 

## Data 1/2*LQ-Data without below LQ             694.564     140.8857 
## Data 1/2*LQ-LQ estimated logN distr           194.354     115.4900 
## Data LQ/sqrt(2)-Data without below LQ         497.458     140.8857 

## Data LQ/sqrt(2)-LQ estimated logN distr         2.752     115.4900 
## Data without below LQ-LQ estimated logN distr 500.210     140.8857 
##                                               difference 

## Actual data-Data 1/2*LQ                             TRUE 
## Actual data-Data LQ/sqrt(2)                        FALSE 
## Actual data-Data without below LQ                   TRUE 

## Actual data-LQ estimated logN distr                FALSE 
## Data 1/2*LQ-Data LQ/sqrt(2)                         TRUE 
## Data 1/2*LQ-Data without below LQ                   TRUE 

## Data 1/2*LQ-LQ estimated logN distr                 TRUE 
## Data LQ/sqrt(2)-Data without below LQ               TRUE 
## Data LQ/sqrt(2)-LQ estimated logN distr            FALSE 

## Data without below LQ-LQ estimated logN distr       TRUE 



282 

 

# Estimate distribution parameters for the different datasets 

tapply(res[,1],res[,2],mean,na.rm=T) 

##             Actual data             Data 1/2*LQ         Data LQ/sqrt(2)

  
##                11.97899                11.08475                12.10786
  

##   Data without below LQ LQ estimated logN distr  
##                17.02520                12.15386 

tapply(res[,1],res[,2],sd,na.rm=T) 

##             Actual data             Data 1/2*LQ         Data LQ/sqrt(2)

  
##                7.873410                8.377483                7.666870
  

##   Data without below LQ LQ estimated logN distr  
##                8.200819                7.745191 

 

 


