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Analysis of biomarkers in wastewater is increasingly seen as an important tool for valuation

of health, nutrition and use of various substances by humans. Some biomarkers are used for

population estimates, since the actual values of population size in cities can differ significan-

tly from official counts, which inevitably leads to errors in assessing the impact of various

factors to people calculated per capita. 5-hydroxyindole-3-acetic acid (5-HIAA) is the main

metabolite of serotonin, which is excreted by urine and can be used as a biomarker for popu-

lation estimates. The determination of this metabolite is more preferred than the detection

of serotonin itself in terms of correctness of the results. A technique of extraction and subse-

quent quantitative determination of 5-HIAA in wastewater by high-performance liquid

chromatography in combination with tandem mass spectrometric detection was developed.

Poroshell Hilic column was used as a stationary phase which has an alternative selectivity

compared to traditional C18 columns. Developed procedure is characterized by low detecti-

on limits (0.2 ìg/liter) and good selectivity. The conditions for liquid-liquid extraction of

5-HIAA from wastewater were selected. This technique provides reliable estimation of the

concentration of 5-HIAA in wastewater.

Keywords: 5-hydroxyindole-3-acetic acid; biomarkers; high performance liquid chromatog-

raphy; mass spectrometry; wastewater; liquid-liquid extraction.

INTRODUCTION

Analysis of biomarkers in wastewater is in-

creasingly seen as an important tool for valuation

of health, nutrition and use of various substances

by humans. Biomarkers get into the wastewater by

excretion from human body with urine and feces.

Some biomarkers, for example, artificial sweeten-

ers, nicotine and its metabolites, caffeine, etc., are

used for population estimates since the actual val-

ues of population size in cities can differ signifi-

cantly from official counts, which inevitably leads

to errors in assessing the impact of various factors

to people calculated per capita [1, 2].

The results of the study completely depend on

the choice of biomarkers. Therefore, a potential

biomarker must satisfy the following criteria [3, 4]:

possibility of determination;

small affinity to solid particles in wastewater

and filtration systems (including filters during

sample preparation);

stability in wastewater during transportation

and storage and throughout the analysis;

constant excretion from the body;

concentration of biomarkers should be unam-

biguously correlated with the population size;

low dispersion and known amount of daily ex-

cretion of the biomarker per capita;

excretion of biomarker from the body should

not be influenced by such factors as weather, sea-

son, geographical location.

5-hydroxyindole-3-acetic acid (5-HIAA) is the

main metabolite of serotonin excreted by urine.
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The determination of this metabolite is more pre-

ferred than the detection of serotonin itself. Con-

tent of 5-hydroxyindole-3-acetic acid in the waste-

water decreases 3 times in 7 days at room tempera-

ture. However, when it is stored in a refrigera-

tor/freezer (+4/–20°C) or acidified to pH 2, the acid

is stable for two weeks [5].

Unfortunately, the specific level of 5-HIAA in

wastewater is not provided in literature. The level

of 5-hydroxyindole-3-acetic acid in the wastewater

of Valencia varies from 5.5 to 14.3 ìg/liter [2].

There are numerous methods for the determina-

tion of 5-HIAA in urine by HPLC-MS/MS. How-

ever, there are only two works in literature devoted

to the determination of this compound in waste-

water with detection limits up to 1 ìg/liter [2, 5].

Considering such low and varied concentration of

5-HIAA in wastewater, it is vital to develop a reli-

able and highly sensitive procedure for the deter-

mination of 5-HIAA by high performance liquid

chromatography coupled with tandem mass spec-

trometric detection.

EXPERIMENTAL

Reagents and Instruments. 5-hydroxyindole-

3-acetic acid (Sigma Aldrich, Switzerland, �98%),

methanol, acetonitrile, formic acid, ammonia (25%,

aq.), ammonium acetate, chloroform, hexane (all

Panreac, Spain, puriss.), methyl tert-butyl ether, di-

chloromethane, ethyl acetate (Component Reac-

tive, Russia, p.a.), acetic acid (Himmed, Russia,

puriss.), deionized water, wastewater samples.

LC-MS/MS analyses were carried out with Ulti-

mate 3000 (Dionex, USA) interfaced to TSQ

Endura triple-stage quadrupole mass spectrometer

(Thermo Scientific, USA) with electrospray ioniza-

tion. Data collection and interpretation of chroma-

tograms were performed by software Xcalibur

(Thermo Scientific, USA). The chromatography

was carried out using 4.6 mm × 250 mm Agilent Po-

roshell 120 HILIC (4 ìm). Single channel pipettes

with variable volume range 10 – 100 ìL, 20 –

200 ìL, 100 – 1000 ìL, 1000 – 5000 ìL (LABMATE,

Poland) were used for sampling aliquots (limit of

permissible relative error of measurement didn’t

exceed ±5%). Accurate weighing of the samples

was carried out on ExplorerPro scales (Ohaus Cor-

poration, USA) with the accuracy 0.0001 g. Centri-

fugation of the samples was performed using

CM-50 (Elmi, Latvia) and SIGMA 1-15P (Sigma,

Germany) centrifuges. For ultrasonic liquid-liquid

extraction and degasation of the mobile phase ul-

trasonic bath UZV-4.0 (PKF Sapphire, Russia) was

used. Rotary evaporator with automatic vacuum

station (Buchi, Switzerland) was used for the evap-

oration of organic solvents. pH of solutions was

measured by pH meter PB-11 (Sartorius AG, Ger-

many). Vacuum system and pump Buchi V-100

(Switzerland) were purposed for the solid-phase

extraction.

Pretreatment of wastewater samples. Working

solutions were prepared directly on the day of anal-

ysis by diluting aliquots of the stock solution with

deionized water. During preparation wastewater

samples were centrifuged for 5 min (15,000 rpm),

passed through “White ribbon” filter and ex-

tracted.

Liquid-liquid extraction (LLE). Following or-

ganic solvents were chosen for the study of LLE:

ethyl acetate, hexane, chloroform, dichlorome-

thane, tert-butyl methyl ether, hexane/diethyl ether

(50:50). Ethyl acetate was used as an organic phase

for LLE because of its reproducibility and the de-

gree of extraction.

LLE procedure: to decrease pH to 2.7 20 ìL

of formic acid was added to 2 mL of wastewater

sample contained in glass tube. Then 2 mL of ethyl

acetate was added. The solution was shaken over

10 min on multivortex and centrifuged for 2 min at

3000 rpm. 1.5 mL of organic phase was collected

and evaporated in concentrator until dryness. The

dry residue was dissolved in 200 ìL of mobile

phase, stirred for 10 min and centrifuged for 5 min

at 14000 rpm.

Conditions for LC-MS/MS. The column was

thermostated at 30°C. Injection volume was 20 ìL.

Isocratic elution with 0.1% formic acid/acetonitrile

(50:50) was used at a flow rate 0.7 mL/min. Mass

spectrometer parameters were selected using TSQ

Endura Tune software (Thermo Scientific, USA).

The mass spectrometer operated in the positive ion

mode using electrospray ionization. Voltage on cap-

illary was 4.0 kV, sheath gas flow was 12 liter/min,

the vaporizer temperature — 440°C, the ion trans-

fer tube temperature — 360°C. Collision cell volt-

age — 5 V, fragmentator voltage — 10 V. For the de-

termination of 5-HIAA in MRM mode the following

transitions were monitored: m/z 192 � m/z 146,

m/z 192 � m/z 117. The collision energy for the

first transition was set at 10 eV, for the second

one — 36 eV. The scanning time for one transition

was 200 msec.

RESULTS AND DISCUSSION

Significant amount of contaminants in waste-

water is sorbed by suspended fine particles. In this

regard, the right choice of conditions for the extrac-

tion of 5-hydroxyindole-3-acetic acid is an impor-

tant step of analysis.

Sorbents for solid-phase extraction. Extraction

recoveries are presented in Table 1. It can be seen
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that the highest extraction recovery was obtained

on Strata-X.

However, despite this sorbent had the best

among the studied values of the extraction recov-

ery of 5-HIAA from wastewater, the reproducibility

of the results was insufficient. On this basis, it was

concluded that probably liquid-liquid extraction

was preferred to be used.

Liquid-liquid extraction conditions. In this pa-

per a comparative experiment with various extrac-

tants, such as ethyl acetate, hexane, chloroform, di-

chloromethane, tert-butyl methyl ether, and mix-

ture of hexane/diethyl ether (50:50), for the extrac-

tion of standard solution of 5-HIAA with concen-

tration level 20 ìg/liter was carried out. During the

experiment various values of pH (2.7, 4.6, 6.5) were

tested for the best value of extraction recoveries

and reproducibility of extraction. The results are

shown in Table 2.

It was found that extraction recovery of

5-HIAA significantly depends on the pH of the so-

lutions and increases with decreasing of pH. The

maximum recovery (74%) was obtained using ethyl

acetate at pH 2.7.

Microemulsions (ME) are known as colloid sys-

tems potentially capable to extract compounds ef-

fectively [6]. The term “microemulsion” refers to

systems that are fundamentally different from con-

ventional macroemulsions. Typically, ME contain

four components: water, hydrocarbon (“oil”), col-

loid surfactant and non-micellizing surfactant, for

example, butyl alcohol. Microemulsion is a thermo-

dynamically stable dispersed system, which is

formed by “oil” and water and stabilized with the

help of surfactants and co-surfactants. In this case

any organic compound limitedly soluble in water

could be “oil.” Since the emergence of thermody-

namically stable phase is based on the principles of

self-organization of surfactants, microemulsion

phases are in many respects similar to other orga-

nized systems of surfactants, for example, micellar

solutions. Earlier we showed that when calcium

chloride was added to ME based on sodium dodecyl

sulfate (SDS), the system became thermodynami-

cally unstable and formed two immiscible phases:

“oil” and water [7]. Hydrophobic substances pass

into the oil phase after separation and thereby are

concentrated due to a solvent volume decrease (ap-
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Fig. 1. Overlay of chromatograms of 5-HIAA obtained using the following columns: 1 — Eclipse Plus C18 RRHD; 2 — Zorbax

Eclipse C18; 3 — Poroshell HILIC (injection volume 10 ìL; ñ
5-HIAA

= 2 ìg/mL; mobile phase: 0.1% formic acid: acetonitrile

(50:50); flow rate 0.3 mL/min; detection mode: total ion current (TIC), ESI)

Table 1. Extraction recovery of 5-HIAA (ñ = 20 ìg/liter)

from standard solution by solid-phase extraction using va-

rious cartridges (n = 3; P = 0.95)

pH Strata-X
Chromabond

C18

Chromabond

HR-P

AccuBOND

C18

2.7 0 41 ± 9 0 37 ± 2

4.6 63 ± 13 31 ± 10 5 ± 1 24 ± 3

6.3 50 ± 10 3 ± 2 0 0

Table 2. Extraction recovery of 5-HIAA (ñ = 20 ìg/liter)

from standard solution by LLE at various value of pH

(n = 3; P = 0.95)

Extractants

Standard solution

Water,

pH 6.5

Ammonium

acetate

buffer,

pH = 4.6

Formic

acid,

pH = 2.7

Ethyl acetate 26 ± 3 51 ± 4 74 ± 3

Hexane 2 ± 1 7 ± 2 9 ± 1

Chloroform 0 0 52 ± 4

Dichloromethane 3 ± 1 10 ± 2 16 ± 3

Tert-butyl methyl ether 63 ± 10 48 ± 4 73 ± 3

Hexane/diethyl ether (50:50) 10 ± 1 12 ± 2 15 ± 2



proximately by 10 times). When using the reverse

microemulsions “water-in-oil” after decomposition

of ME, the hydrophilic substances are concentrated

in the aqueous phase. We tested the reverse micro-

emulsion of 65% n-heptane, 6% SDS, 5% water,

23% n-butanol as an extractant. However, it was

found that extraction recovery and reproducibility

of the results were not high, and it was not used

throughout the further work.

Stationary phase. 5-HIAA is hydrophilic com-

pound (logP 1.28), therefore it is advisable to use a

stationary phase with polar endcapping, ensuring

good retention of nonpolar and high-polar com-

pounds. Stationary phases with various functional

groups were compared. Chromatograms are shown

in Fig. 1.

When C18 was used as a stationary phase,

asymmetry of the chromatographic peak was ob-

served. The maximum number of theoretical plates

(35200 ± 700 tp/m) was obtained using the Agilent

Poroshell 120 HILIC column. To reduce the analy-

sis time, the temperature of the column thermostat

was varied from 25 to 45°C. The thermostat tem-

perature was set to 30°C.

MRM parameters: collision energy and frag-

mentator. To find the optimal conditions for mass

spectrometric detection of 5-HIAA (1 ìg/mL) in di-

rect injection mode, a solution of 5-HIAA was

scanned in the total ion current mode from m/z 100

to 200.

The mass of the initial 5-HIAA ion equal to 192

was selected in terms of the most intense peak

(Fig. 2). The greatest sensitivity can be achieved by

using the MRM mode in the version of tandem

mass spectrometric detection. In Fig. 3, the mass

spectrum of product ions is given at the collision

energy of 50 eV.

For quantitative analysis the most intensive

MRM-transition is usually chosen. Also an addi-

tional transition with a second maximum value of

m/z is selected for confirmation. The following

MRM-transitions for determination of 5-HIAA

were chosen: m/z 192 � m/z 146, m/z 192 � m/z

117.

Intensity of the signal of a certain MRM-transi-

tion is strongly influenced by the collision energy

(CE). CE basically depends on the stability of the

precursor ion and the required degree of its frag-
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Fig. 2. Mass spectrum of 1 ìg/mL solution of 5-HIAA (detection mode: TIC in the range of m/z: 100 – 200)

I, c.u.

m z/

Fig. 3. Mass spectrum of product ions of 5-HIAA (CE = 50 eV; column: Poroshell 120 HILIC 250 × 4.6 mm × 4 ìm; injection

volume: 20 ìL; ñ
5-HIAA

= 1 ìg/mL; mobile phase: 0.1% formic acid: acetonitrile (50:50), flow rate 0.7 mL/min)



mentation. To select the values of CE at which the

maximum intensity is observed, the dependences of

signal intensity on CE were plotted (Fig. 4). The

collision energy 10 eV was selected for the transi-

tion m/z 192 � m/z 146 and 36 eV for m/z 192 �

� m/z 117.

The fragmentator voltage can have a signifi-

cant effect on the ionization yield of the sample and

accordingly, on the sensitivity of determination.

The dependence of the signal intensity of 5-HIAA

from the fragmentator voltage was plotted (Fig. 5).

To find the optimal fragmentation potential, the

intensities of the signals of MRM-transitions from

50 to 150 V with increments of 20 V were com-

pared. The optimum value of the fragmentator

voltage was found to be 90 V.

Linearity. To evaluate the metrological charac-

teristics of the proposed approach for the determi-

nation of 5-HIAA by HPLC-MS/MS under the se-

lected conditions, a calibration curve was plotted

for series of 8 test solutions with an acid concentra-

tion in the range from 0.5 to 100 ìg/liter.

The linear regression equation for the depend-

ence of the peak area on the concentration of

5-HIAA is: S = (720.9 ± 30.8)ci + (5607.3 ± 470.1),

r = 0.995, linear range — 0.5 – 100 ìg/liter.

The detection limit is 0.2 ìg/liter with a pre-

concentration in 7.5 times.

Precision. The precision of the procedure was

evaluated by determining the convergence of re-

sults by repeating the analysis on 6 samples by one

chemist on the same day in one equipment and de-

termining the interlaboratory precision when ana-

lyzing the same sample in the same laboratory,

with a complete repetition of the sample prepara-

tion procedure and measurement by another chem-

ist. Convergence was evaluated by calculating the

relative standard deviation (RSD) obtained from

sequential determinations performed by one chem-

ist on one day. The evaluation of interlaboratory

precision with the established confidence interval

was determined according to the F-test of Fisher

and the Student’s t-test. The results are shown in

Table 3.

It is shown that the technique has good conver-

gence (RSD less than 5%) and interlaboratory pre-

cision, in view of the fulfillment of all eligibility

criteria.

Solution stability. The stability of the model so-

lution at room temperature (25°C) was investi-

gated. The sample was analyzed immediately after

preparation, in 30 min, 60 min and further until

the difference with the initial measurement was

more than 5.0%. It was found that the solution is

stable for 24 hours.

Correctness. Correctness was assessed by the

method of additives. As a result, it is obtained that

the proposed method is correct.

Robustness. During the study of the robustness

of the method, it was found that the variation of

the chromatographic parameters: the composition

of the mobile phase (acetonitrile ±5%), column

temperature (±5°C), flow rate (±0.2 mL/min) have

no significant effect on the determined amount of
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Fig. 4. Dependence of the intensity of the transition signals

m/z 192 � m/z 146 (1), m/z 192 � m/z 117 (2) from the

values of collision energy

0

20

40

60

80

100

40 60 80 100 120 140

I, %

FR, V

Fig. 5. Dependence of intensity of the signal of 5-HIAA on

the fragmentator voltage for the selected MRM-transitions

Table 3. Interlaboratory precision of the determination of

5-HIAA by HPLC-MS/MS

N

S
5-HIAA

, c.u. (c
5-HIAA = 10

ìg/liter)

Chemist 1 Chemist 2

1 28946 28634

2 29783 28013

3 28696 28910

4 29168 28978

5 28934 29012

6 29465 28634

Average 28972 28697

SD 398.30 373.99

RSD, % 1.37 1.30

Calculated F-value 1.13

F-Table value (0.95, 5, 5) 5.05

Calculated Student’s t-value 2.10

Student’s t-table value (0.95, 10) 2.23



5-HIAA by HPLC-MS/MS. The relative deviation

does not exceed 10.0%.

Analysis of real objects. As an example of the

analysis of real objects, wastewater samples were

taken at three wastewater treatment plants in

Moscow region. The results of the determination

of 5-HIAA in wastewater samples are shown in

Table 4. Overlay of the obtained chromatograms in

the analysis of wastewater is shown in Fig. 6. Over-

lay of chromatograms of wastewater obtained by

HPLC-UV (ë = 275 nm) and HPLC-MS/MS is

shown in Fig. 7.

CONCLUSION

Procedure for a highly sensitive determination

of 5-hydroxyindole-3-acetic acid in wastewater by
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Fig. 6. Overlay of chromatograms of wastewater samples: 1 — #1; 2 — #2; 3 — #3 (column: Poroshell 120 HILIC

4.6 × 250 mm, 4 ìm); mobile phase: 0.1% formic acid/acetonitrile 50:50; flow rate 0.7 mL/min; column temperature 30°C; de-

tection in MRM mode with positive ESI; MRM-transitions are m/z 192 � m/z 146 (10 eV), 117 (36 eV); injection volume 20 ìL)

Table 4. The results of the determination of 5-HIAA by

HPLC-MS/MS in real objects (n = 3; P = 0.95)

Object Concentration, ìg/liter s
r
, %

Wastewater (#1) 7.9 ± 0.4 4

Wastewater (#2) 15.8 ± 1.1 6

Wastewater (#3) 18.1 ± 1.0 4

I, c.u.

I, c.u.

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6,56 7 t
R

, min

2

1

Fig. 7. Overlay of chromatograms of the wastewater sample #1: 1 — HPLC-UV (ë = 275 nm); 2 — HPLC-MS/MS (column:

Poroshell 120 HILIC 4.6 × 250 mm, 4 ìm; mobile phase: 0.1% formic acid/acetonitrile 50:50; flow rate 0.7 mL/min; column

temperature 30°C; injection volume 20 ìL)



high-performance liquid chromatography with tan-

dem mass spectrometric detection was developed.

The metrological characteristics of the determina-

tion of 5-HIAA by HPLC-MS/MS with preliminary

sample preparation by LLE are evaluated. Follow-

ing technique is characterized by low detection lim-

its (0.2 ìg/liter) and good reproducibility (sr = 4 –

6%). It is used for the determination of 5-HIAA in

wastewater collected at three wastewater treat-

ment plants in Moscow region. The content of

5-HIAA in wastewater was found to be from 8 to

18 ìg/liter.
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